
 
 

N61165.AR.003212
CNC CHARLESTON

5090.3a
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FINAL RESOURCE CONSERVATION AND RECOVERY ACT FACILITY INVESTIGATION
REPORT ZONE H VOLUME III SECTIONS 7 THROUGH 11 CNC CHARLESTON SC

7/5/1996
ENSAFE



FINAL RCRA 
FACILITY INVESTIGATION REPORT 
FOR ZONE H 
NAVAL BASE CHARLESTON 

VOLUME rn 
SECTIONS 7-11 

CONTRACT N62467-89-DO318 
CTO-029 

Prepared for: 

Comprehensive Long-Term Environmental Action Navy 
(CLEAN) 
Charleston Naval Shipyard 
Charleston, South Carolina 

Prepared by: 

EnSafetAllen & Hoshall 
' 5720 Summer Trees Drive, Suite 8 
Memphis, Tennessee 38134 
(901)383-9115 

July 5, 19% 



Final RCRA Facility I n v u t l g ~ ~ o n  Repurt for Zone H 
NAVBASE ClrarIcrton 

Section 7: Eoologiml Risk Assessnvnr 
July 5, I996 

7.0 ECOLOGICAL RISK ASSESSMENT 

The ecological risk assessment (ERA) is a key component of the BRA. Its purpose is to develop 

a qualitative d o r  quantitative ecological appraisal of the actual or potential effects of Zone H 

contamination on the swr0urdi.q ecosystem. The assessment considers environmental media 

and exposure pathways that could result in unacceptable levels of exposure to flora and fauna 

now or in the foreseeable future. The approach to assessing risk components at Zone H was 

based on USEPA Ecological Risk Assessmen? GwIhce for Supe@ad: Process for Designing 

and Conductr'ng Ecologica E Risk Assessntents (Draft, USEPA, 1994e), Risk Assessment Guidance 

for Superfund Volume ZZ - Enviromntal Evaluation Manual, (USEPA, 1989b), and Framavonk 

for Ecological Risk Assessment (USEPA, 1992b). 

7.1 Zone Rationale 

Basewide, eight Ecological Study Areas (ESAs) were designated to assist in appropriately 

qualifying geographic boundaries with contiguous habitats or simitar ecosystem distributions 

(Figwe 7-1). Within these ESAs, Areas of Ecological Concern (AECs) were further specified 

to focus the investigation relative to potential SWMWIAOC contribution and thus receptor 

exposure. Using an ecological survey form, all ESAs and AECs h n u e n t  habitat and resident 

biota evaluations to obtain preliminary ecological information essential to the Zone H ERA. The 

completed forms are presented in Appendices A and B of the Zone J Rm Work Plan and 

summarized below. This survey methodology, which is used in conjunction with the Zooe H 

RFI report is also described in the Zone J RFI Work Plan (draft submitted November 22, 1995). 

Basewide, zone configurations were based on SWMU or AOC locations and therefore do not 

necessarily parallel ESA boukies .  Within the designated Zone H boundaries are portions of 

two ESAs and three AECs. Some portions of Zone H were not relevant to this ERA based on 

the lack of habitat and, thus, receptors. These areas were generally the industrialized sections 

of the mne. They are designated on Figure 7-2 as "Non-blogical Arcas" and, due to the lack 

of habitat and receptors witbin the area, will not be discussed relative to ecological risk. If there 
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is a potential for contarnha migration to aquatic ateas out of the Zone H perimeter 

(Shipyard Creek), risks to applicable receptors will be evaluated during the Zone J investigation. 

Subsequent to the AEC evaluations, four distinct ecological areas, each with similar and 

contiguous habitats comprising portions of AEC V-2, and V-3, were defined within Zone H and 

will be specifically addressed in this risk assessment. For the discussion these areas will be 

designated as Subzones H- 1, H-2, H-3, and H4 (Figure 7-2). Specific endpoints and assessment 

techniques for each subzone are presented below. The AOCdSWMUs within each subzone are 

ichtifwi in Table 7-1, along with nearby areas potentially impacted by those sites. 

Tabk 7-1 
AOCdSWMUs within Zonc H Slrbwnes 

Potentially Impacted Areas Outside 
subzunt 

SWMU9 Landfill Subzo~y H-2 
Subzone H 4  
Shipyard CreeWCoopr River 

SWMU 19 Solid W m  Transftr Station No impact expected outside H-1 

SWMU20 Wlstc Draposal Area Shipyard CreeWCooper River 

AOC 648-651 Ship- Storage Arcu, etc. No imorct cxmcted oueidc H-1 

Sub- H-4 
Shipyard Cr#WCooper River 

SWMU 159 SAA Shipyard Crr+WCooptr River 

AOC 503 UXO Site No impact expected outside H-2 

S W  14 Zone VESA V 

S W M U  15 Incinerator 

AOC 669 Indoor Firing Range 

AOC 670 Opcn Field 

AOC 684 Pistol Range 
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Figure 7-2 Ecological Subzones within Zone H 
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7.2.1 Problem Formulation 

Subzone H-1 is a 14-acre terrestrial setting consisting grass fields with low shrub cover 

interspersed with a few stands of trees. The subzoae also contains a running track, two baseball 

fields, gravel parking lots, and several buildmgs. H-1's western portion is an old field 

exhibiting early successional vegetation including Southern bayberry (Myn'ca cenyeru)), 

Viburnum spp., and groundsel tree (Baccharis halimifolia), as well as several herbaceous species. 

Black willow (Mix nigm) and Eastern red cedar (Junipenrr VirginiaM) are present near the 

creek that tmwcts this area. The area provides habitat suitable for use by bird species such as 

killdeer ( C ' a d r i u s  vocifem), red-tailed hawk (Brrtto j-cemis), American kestrel 

(Falco sparvenus), Eastern meadowlark (Sturnella magnu), and Savannah sparrow (Passercullus 

sundwichenis). Major terrestrial f a d  species associated with this habitat include Eastern 

cottontail rabbit (Sylvilagzu jhidiws), gray fox (Urocyon cinereoclrgenteus), and raccoon 

(Procyon Eotor), along with other small rodents (mice, voles, shrews), amphibians, and reptiles. 

In addition, shorebirds intermittently use the narrow headwaters of Shipyard Creek that transect 

the submne. Appendix 0 lists potential species occurring within Zone H mbzones. The surface 

water and sediment samples collected from the two locations along this portion of 

Shipyard Creek will be qualitatively assessed with those samples in H-4. 

Subzone H-2 is a 45-acre densely forested transitional zone between the upland areas and the 

littoral zone north of Shipyard Creek. Portions of this area are periodically flooded yet, based 

on the nature of potential exposure in H-2, it was more suitable to classify ttae majority of the 

substrate as soil rather than sediment. Vegetation throughout the subzone consists of mid- to 

lowercanopy trees typical of midsuccession areas including tallow (Sopium sebifenun), Eastern 

sycamore ( P l a t ~ u s  occidentulis), Eastern red cedar, and red mulberry (Mom dm). The 
dense understory found throughout the subzone consists of woody and h e r b u s  p i e s  such 

as green briar ( S m i h  spp), honeysuckle (Lonicem spp.) and pepper-vine (Ampelopsis arbom). 
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Fauna within the area is typical of midsuccession habitats and includes passerine species such 

as sparrows, warblers, and the American robin (Turdus migmorius). Potential mammals in H-2 

include Eastern gray squirrel (Sciunrs carolinensis), Eastern cottontail rabbit, and other small 

rodents species. 

Subzone H-3 is a grass field habitat near several designated AOCs and SWMUs. The fields are 
. . mammned to some degree and a limited number of shrubs are along the area's perimeter, except 

the southeast boundary, which is bordered by the thickly vegetated edge of the dredged materials 

area (Zone I), This open field enviromnent provides habitat for Eastern cottontail rabbit, 

red-tailed hawk, and lesser mammal species. Other fauna associated with the area include egrets 

(Egretto spp.) and white ibis (Eudoc iw  &US). 

Subzone H-4 encompasses the esbarine littoral marsh north of Least Tern Lane, exclusive of 

the heavily forested areas inchided in Subzone H-2. This area is significantly tied to tidal 

fluctuations within pmxitnal Shipyard Creek. The marsh is dominated by S ' t i n a  spp. but 

contains irregular topography that provides elevated areas on which Eastern red cedar 

predominates. The array of fauna in this zone includes a wide variety of avian and invertebrate 

species including bIack-crod  night herons (Nyctictrrm) , marsh mns (Cistothonrs palustris), 

and fiddler crabs (Uca spp.). 

7.2.2 Thatened and Endangered Species 

Within portions of Zone H several state-designated species of concern may be present. 

Table 7-2 lists those federally- and state-listed species which have been historically or recently 

identified at or near NAVBASE. Risks to these species h m  observed contamhation will be 

addressed as appropriate. 
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Figure 7-3 presents a conceptual model of the potential contaminant pathways from source to 

ecological receptors for Zoae H subzones. For this assessment, exposure routes directly related 

to soil pathways are evaluated for subzones H-1, H-2 and H-3. Subzone H-4 wiIl be 

preliminarily characterized for sediment and water exposure routes to determine the need for 

subsequent assessment during the Zone J RFI. Direct impacts to plants are not included in this 

assessment but transfer mechanisms are considered in food chain transfer analyses. Information 

related to specific contaminant toxic mechanisms to vegetation are also discussed. 

7.4 Selection of Eaiogical Chemicals of Potential Concern 

Previous sections of this report (Section 4) discuss past activities at Zone H SWMUs and AOCs 

that may have impacted the ~~ ecosystem. COCs resulting from these activities have 

been identified and quantified according to USEPA methods and protocols for analyses of soil, 

surface water, and sediment. 

For ecological risk, only the results from surficial soil (0 to 1 foot bgs interval) are addressed. 

It is presumed, even considering root development in the lower strata, that most biological 

effects will be limited to the upper zone. Based on the transient or mobile nature of biological 

components within the subzones, parameter concentrations detected at one location within a 

sub-zone will be used to assess the entire subzone. Therefore, mean concentrations (of detected 

parameter corzcentrations only) and maximum values determind from all sample locations within 

the subzone are used in this assessment. Although groundwater has been monitored, water table 

depth (averaging approximately 5 feet bgs) within Zone H uplands precludes assessing ecological 

impacts from this medium immediately within the zone perimeter. Those wetland habitats 

present in Zone H (prhady in Subzone H-4) are tidally influenced and not considered 

s i @ d y  affected by groundwater discharge. See Section 5 for further information on 

groundwater-to-surface water cross-media transport. 
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Inorganic parameters detected in site surface soil exceeding twice the maximum collcentration 

detected in reference sample corwmations, or not detected in reference samples, are identifled 

as Ecological Chemicals of Potential Concern (ECPCs). Any constituent detected in less than 

5% of the samples was not considered as an ECPC. Any organic constituent detected in greater 

than 5% of the samples was considered an ECPC. 

In sediment, analytes were selected as ECPCs if the maximum concentration detected either: 

(1) exceeded the USEPA Region N Sediment hmhg Value, (2) exceeded the most 

conservative effects level fourad in literature, or (3) if aeither benchmark was available. 

In &ace water, analytes were selected as ECPCs if the maximum concentration detected either: 

(1) exceeded the South Carolina or USEPA water quality criteria, (2) exceeded the USEPA 

Region N Screening Value, or (3) if neither benchmark was available. 

Calcium, magnesium, potassium, and sodium were not assessed as they are naturally occurring 

nutrients. Tables 7-3 (a and b), 7-4 (a,b, and c) , 7-5 (a and b), and 7-6 (a, b, and c) present 

ECPCs identifed for subzones H-1, H-2, H-3, and Shipyard Creek/H-4, respectively. 
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w of 
I-'lmc Number Nmnkr ~~ upper TolcrPlree Limlt 
Ekml?nts ofsmrdrs oflktcdlolrr 0 of Ba&gmun& ECPC 

36 8 0.74 - 126 Not Valid Ya 

Chromium V I b  3 0 0 Not Valid' No 

36 36 1.1 -3,040 27 -6 Yes 

36 36 0.02 - 6.9 0.485 Yes 

Selenium 36 12 0.22 - 1.1 2,O NO 

Thallium 36 3 0.32 - 0.54 0.63 NO 

Narrr: 
P E1:ltmnt~ tbat art aot included in both SW-846 .nd Appendix IX mchods. 
b Lnduded in duplicate umple analyses only. 
c S u  Appmdix J for UTL determination. 
d Number of nondetections pmcated d - ' ' g UTL. 
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Table 7-3b 
Subzone H-1 

Orgrrnic Constituents in Surface Soil 

Numbtr of Range of Concentratiom 
C o m p o d  Name Detedom IwlkP) ECPC 

Acetone 

Carbon disulfide 

c h l o m w  

1,l-Dichlometknc 

Chloroform 

Toluene 

Tricblorocthene 

Xylene (total) 

Acrylonitriic 

20 - 33 Yes 

64 No 

4.8 - 9.9 Yes 

1.8 - 64.0 Yes 

1.5 No 

2.4 - 72 Y ~ P  

1.3 - 54 Yes 

24 1.6 - 7.1 YCS 

2 5.8 - 36.9 YCS 

4 100 - 244 Yes 

Benzoic Acid 5 76.9 - 269 Yes 

Benzo@)fluoranthenc 32 100 - 4,000 Yes 

I3cmc@)fluoranthene 23 83 - 864 Yes 

-,h,i)pffylene 13 78 - 1.100 YCS 

B = " O ' ~  29 80.3 - 2,000 Yes 

bis(2-MyIhexy1)phthalate (BEHP) 26 80 - 16,000 Yes 

Butly~lphthalate 17 60.2 - 4,200 Yes 

D i ~ a , h ) a n ~  4 72.1 - 390 Ycs 
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Table 7-3b 
Subpone H-1 

organic Constituents in surtacc Soil 

Number of Range of C o ~ o u s  
Comwund Name Detadhm 0 ECPC 

DibuuofUnm 

Di-n-butylphtbalate 

Di-n-octylphthalate 

Fluomlthcne 

Fluorcnt 

-1,2,34)pyrcne 

2-Methyhphthalcnc 

Naphthalene 

Phenol 

PhcMntbrcne 

Pyrene 

Yts 

Yes 

No 

Yes 

Yes 

Ycs 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Ye8 

Yes 

Yes 

Yes 

No 

No 

Endrin aldehyde 1 14 No 
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Table 7-3b 
Sllbmnc H-1 

orgnnic Conetituents in Surface Soil 

Number of Range of Concentrations 
Compound Name Detdom hizl'kd 

No 

Ycs 

Ycs 

2,3,7,8 TCDD 2 0.2771. - 8.154 Yes 

Ndcs: 
a - - Concatdon is estimated (EMPC qualified). 
N - - Numbcr of samples 
ECPC = Ecological Chemicals of Potential Concnn. 

= micrograms per kilogram 
ng4? = narlogmns pcr kilogram 

Tabk 7 4  
Sub- H-2 

Inorgmk Chstbents h Surface Son 

Inorgan& Number of Number of Range of Upper Tokt~~lce Limit 

43 5 1.4 - 7.3 Not Validb Yes 

43 38 10.1 - 530 40.33 Yes 

43 18 0.12 - 2.5 1 .OS Yes 

Coboh 43 27 1.0 - 97.2 5.9 Yes 

18 1 9.9 Not Validb No 
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Table 74. 
subzonc H-2 

~ ~ t 9 h S w f ~ e ~ S d l  

Lnorgank Number of Number d -Wd Upper Tokcauce Limit 
Eklnents SnmDkn - W * ( m p l L g )  of Backgmmd. ECPC 

Lead 43 38 4.6 - 2,770 118 Yes 

Mercury 43 28 0.02 - 3.5 0.485 Yes 

Selenium 43 27 0.28 - 3.2 2.0 

43 4 0.12 - 2.7 0.63 YCS 

VIlnadium 43 43 5.3 - 470 Yes 

Notes: 
a = See Appendix J for UTL detcrminrtion. 
b = Number of nondetections prevented determining the UTL. 

Table 7-4b 
Submne H-2 

Orgdc Codtuemts in Surface Son 

Compound Name 
Number d Range of Concenht&ns 
JldeCthrn 0 

Acetone 

4-M~thyl-2-htXiO1~ 

2-hh11011~ (MEK) 

Tcuachlorocthent 

14 14 - 12.000 Yes 

1 2.4 Yes 

1 37.1 Yes 

4 7 - 22 Yes 

Toluene 11 3.5 - 13 Yes 

Xylene (total) 1 6.0 Ycs 

Acryloniaile 1 34.5 Yes 
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Table 7-41 
Subzune H-2 

Orgrrnic Comtitucnts in surface Sou 

10 48 - 1,900 Yts 

13 68 - 2.700 YCS 

9 69 - 2,200 Yes 

B e p z o ( g , h , i W 1 ~  6 61 - 780 YCJ 

Bcnzo(a)~yrcn~ 11 77 - 1,700 Yes 

bis(2-Ethylhexy1)phthalatc (EEHP) 12 62 - 1,000 Yes 

13 87 - 2,000 Y e  

Dibenzo(a,h)~~~hacme 5 98 - 280 Yes 

Diabylphthalatc 

Buty lbcntylphthalatc 

Flweenc 

No 

Yes 

Yes 

No 

Yes 

Yes 

Phe~Uthm~ 12 77.6 - 2,200 Yes 

41mC 15 84 - 3,400 Yes 
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Tabk 7 4  
Sub- H-2 

Organic Constihwnts In Surface Sdl 

Number of Range of C o ~ t i o n s  
Compound Name Detections htdlcd ECPC 

4 66 - 160 Yes 

7 140 - 4,300 Yts 

16 46 - 1,100 Yes 

2,3,7,8 TCDD 4 1.6568 - 4.5217 YCS 

Notcs: 
N = Number of Samples 
p g k g  = micrograms pcr kilogram 
ngkg = nanograms per kilogram 
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3 3 4,6(0 - 32.900 16.346.67 N A - - Yes 

Arsenic 3 3 11.5 - 15.6 14.2 7.24 3 2.16 Yes 

Beryllium 

cadmium 

3 2 1.1 - 1.1 1.1 NA - - Yes 

3 3 0.6 - 1.0 0.81 1 .O 1 1 .O Yes 

3 3 40.8 - 71 J 60.3 52.3 2 1.4 Yes 

Cobalt 3 2 5.4 - 6.4 5.9 N A - - Yes 

Copper 3 3 22.6 - 29.4 25.8 18.7 3 1.6 Yes 

Lud 3 3 47.7 - 89.1 70.2 30.2 3 2.95 Yes 

w- 3 3 101 - 245 143.3 NA - - Yes 

Me- 3 3 0.07 - 0.15 0.1 0.13 2 1.2 Yes 

Nickel 3 3 11.9 - 245 16.9 15.9 1 1 .S Yes 

Selenium 3 3 1.3 - 2.7 2.1 NA - - Yes 

Vumdium 3 3 22.6 - 66.2 49.5 NA - - Yes 

3 3 92.4 - 279 167.5 124 2 2.2s Yes 

3 1 33 1 26.9 Yes - 

gnml~-Chlord.oe 3 3 26 - 760 290 NA - - Yes 

- 3.3 1 15.5 Yes 

- 3.3 1 4.6 Ycr 

Phcnrnfhrrrr 3 1 310 - 330 0 0.94 No 

C h r y m  3 3 90-510 263.3 330 1 1.6 YM 

Now: 
a = EfWs levels mpment USEPA Region IV (199%) Draft Sediment Screening Values (SSVs). 
HQ - Huud Qwtieat = muimum c o ~ ~ ~ # ~ & d d f e c t s  level. 
ECPC = Ecolo~ChemicrlofPolentirlCoaccm. 
msns - - per w- 
&kg = micJognmtperkiiognm 
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Tabk 74% 
S m  E-3 

Iwrgdc t2adhmtr &t surface Soil 

Ino- Number of Number of Q-W of Upper Tolerance Lfmlt 

26 26 4,360 - 31,800 30.910 YCS 

Nickel 74 49 4.1 - 29.0 33.38 NO 

74 10 0.07 - 2.9 0.63 Yes 

Arsenic 74 5 1 0.89 - 69 14.81 YCS 

74 64 0.13 - 1.51 1.466 Yes 

Cobalt 74 35 1.3 - 7.2 5.863 

Selenium 74 51 0.13 - 6.2 2 .O 

Tin 3 32.8 - 81 

NWs: 
a = See Appendii I for UTL dctemiuation. 
b = Number of nondetections prevented debrmrmng 

. - 
UTL. 
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Table 7-5b 
Subzane 8-3 

organic co-cnts in Surface Soil 

Number of Range of Conantnations 
Compound Name Dctcctlom b~&& 

Acaont 

Carbon disulfide 

r n o r o b  

1 , 1 -Dichlomctb~lt 
Dibromochloromcthane 

Methylcne chloride 

2-Butanone (MEK) 

T ~ o ~ e n e  

Tolumc 

Trichlomethene 

Xyicne (total) 

Yes 

Ycs 

N o  

No 

Yes 

Yes 

No 

No 

Ye 

Yes 

Yes 

No 

Accnaphthene 20 28.7 - 5,810 Yes 

Accqhth y lene 1 286 No 

A ~ t b m u  19 14.3 - 8,U)O Yes 

Benzo(a)m- 46 34.5 - 27,200 yts 

Bmzo(b)fl~ra~thc~lc 45 50.4 - 28,400 YCS 

~ ) f l u o r a n t h e n c  4 1 48.1 - 26,500 Yes 

Bcnzo(g ,h,i)~lc~ 29 72 - 20,500 Yes 

Bcnzo(a)wrcnc 46 53.1 - 36,800 Yes 

bis(2-Ethylhexy1)phthalate (BEHP) 12 45.7 - 127 Yes 

4-Chioro-3-methylphenol 2 1,760 - 1,930 No 

2-Chlorophenol 4 1,630 - 1,830 No 

Chry- 51 46.4 - 29,800 Yes 
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Toblc 7-Sb 
Subzone H3 

orgDnic Constkmb in Surface Soil 

N u m b  d Range of Concentrations 
Compound N m e  Detectiwrs (Irgllrg) ECPC 

-1,2,34)PY== 

2-Methylnaphthalene 

Naphthalene 

4-Nitrophenol 

N-Nimmdi-n-propy1Pmine 

PenWorophenol 

19 62 - 7,380 Yes 

7 54.7 - 2,510 YCs 

1,200 - 1,420 NO 

1,390 - 1,480 NO 

44.8 - 18.000 Yes 

55.5 - 1,500 Ye8 

86 No 

29 74 - 17,000 YCS 

3 44.6 - 524 NO 

7 75.6 - 1,070 YCS 

3 ' 1,830 - 3,040 NO 

4 1,320 - 1,750 No 

4 1,220 - 1,830 NO 

delta-BHC 

alpha-chlordane 

gamma-Chlordauc 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Dieldrin 

Endosulfan I 

3 1.2 - 1.7 NO 

10 1.2 - 24.7 Yes 

8 1.7 - 52.5 Yes 

10 2.4 - 12.2 YCS 

22 2 - 19.7 YCS 

30 2.4 - 64.6 Yts 

5 2.4 - 10 Yts 

1 1.4 No 

Endosulfan II 4 1.4 - 6.2 Yes 



Find RCRA Facility Inwtigahun Rqorf for Zbne H 
N A W E  C)lclrlcFron 
Section 7: Ecological Risk Assasmcnf 
July 5, 1996 

Number of kmge of Concentrations 
Compound Name D&ectiolls ECPC 

Endrin 

Endrin aldehyde 

Heptachlor 

Heptachlor epoxidt 

Methoxychlor 

Chlombcnzilate 

Isodrin 

2.2 - 65.8 Yes 

2.2 - 6.1 Yes 

1.1 - 30.5 Y ~ s  

1.4 - 17.8 YW 

12.4 - 13.5 NO 

25.6 - 160 NO 

3.2 - 3.3 NO 

2.3,s-TP (Silve~) 24 5.6 - 1,067 Y ~ s  

2,3,4-T 20 6.5 - 107 Yes 

2.4-D 16 35.1 - 545 Yes 

Parathion 9 21.3 - 37.5 Ycs 

2,3,7,8 TCDD 37 0.1202 - 3.7747a Yts 

Note&- 
a = Concuttratim is cstinmd (EMPC qualified). 
N = Numbers of Samples 
pgkg = micrograms per kilogram 
ng/kg = nanograms per kilogram 
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7.5 Contaminant Fate and Transport 

Surface soil across the site consists of fine- to medium-grained sand with silt and some clay. 

This soil type is typically low in organic material with medium permeability. These factors most 

likely limit development of a microbial community, thereby reducing the likelihood of microbial 

decomposition of sorbed organic contaminants. The fate of these contambants then will be 

expected to: 1) remain in the soil to undergo degradation and/or 2) migrate downward. 

In addition, contamhmts sorbed to surface soil conceivably could be transported via air or 

surface water runoff. However, both of these pathways are unlikely as major routes. 

Contaminants are not expected to spread far via surface runoff due to the highly permeable 

nature of the substrate. Although storm drains and ditches are near Zone H AOC/SWMUs, 

most of these act more as detention basins rather than surface water conveyances. Therefore, 

the risk from surface water migration from Zone H AOC/SWMUs to ecological subiones is 

considered negligible. The physical adsorption of co nhmkmts to soil particles and available 

organic material also limits horizontal migration. Migration via air pathways could be 

significant only as it relates to dispersal of upper soil layer particles during high winds typical 

to coastal areas. Because sand particles are relatively large and heavy, extended migration 

through this route is not expected. Fate and transport issues are discussed in detail in Section 5. 

Stressor CharacterMcs 

Inorganics 

In general, heavy metals adversely affect survival, growth, reproduction, development, and 

metabofism of both knestrial and aquatic invertebrate species, but effects are substantially 

mad by physical, chemical, and biological variables. Pascoe et al. (1994) observed that, 

in general, bioavailability of metals and arsenic in soil to small mammals was limited. The 

study also suggests that metal and arsenic intake for higher tropic species may be similarly 

limited. Most heavy metals do not b i o m a m .  In contact tests with terrestrial earthworms the 
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order of toxicity for heavy metals from most toxic to least toxic was copper > zinc > nickel 
= cadmium > lead. 

There are relatively little data on the behavior of antimony. Over a broad range of soil redox 

conditions (Eh -0.5 to 0.5), most soil antimony would be expected to exist in insoluble forms, 

if pH is less tban 7.5. As a result of these fonditions, antimony would be expected to have low 

mobility. 

Arsenic naturally occurs and, with respect to cycling in the environment, is constantly changing. 

Many inorganic arsenicals are known teratogens and are more toxic than organic arsenicals 

(Eisler, 1988a). Soil biota appear to be capable of tolerating and metabolizing relatively high 

concentmtiom (microbiota to 1,600 mg/kg) of arsenic (Wang et al., 1984). But adverse effects 

to aquatic organisms have been reported at concentrations of 19 to 48 pg/L in water. Arsenic 

soil does not appear to magnify along the aquatic food cbain. 

Cadmium is a relatively rare heavy metal. It is a known teratogen and carcinogen and probably 

a mutagen, and has been implicated as the cause of severe deleterim effects on fish and wildlife 

(Eisler, 1985). Birds and mammals are comparatively resistant to the biocidal properties of 

cadmium. Freshwater organisms appear to be the most susceptible group to cadmium toxicity 

and this is modified significantly by water hardness. Adsorption and desorption processes are 

likely to be major factors in controlling cadmium concentrations in natural waters. Adsorption 

and desorption rates of cadmium are rapid on mud solids and pmiklcs of clay, silica, humic 

material, and other naturally occurring solids. 

Hexavalent chromium (Cr VI) produces more adverse effects to biota than does the trivalent 

phase. In clayey sediments, trivalent chromium dominates and benthic invertebrate 

bioaccumulation is limited (Neff et al., 1978). The solubility and potential bioavailability of 
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waste chromium added to soil through sewage sludge are rnodiWI by soil pH and organic 

complexing substances (James and Bartlett, 1983). 

Copper is an essential micronutrient and, therefore, it is readily accumulated by aquatic 

organisms. It is a broad-spectrum biocide which may be associated with both acute and chronic 

toxicity. 

In soil, lead coxsentrates in organic-rich surface horizons (NRCC, 1973). Estimated residence 

time of lead in soil is about 20 years (Nriagu, 1978). In sediments lead is primarily found in 

association with iron and manganese hydroxides and may also form associations with clays and 

organic matter. Under oxidizing conditions, lead tends to remain tightly bound to sediments, 

but is released into the water column under reducing conditions. Lead may accumulate to 

relatively high concentrations in aquatic biota. 

Mercury is a known mutagen, tentogen, and carcinogen. It adversely affects reproduction, 

growth and development, motor coordiition, and metabolism. Mercury has a high potential 

for bioaccumulation and bioma-cation, and is slow to depurate. Organomercury compounds 

produce more adverse effects than inorganic mercury compounds. Inorganic mercury can be 

modified to organic mercury cornpow through biological transformation processes. 

In natural waters zinc speciates into the toxic aquo ion, other dissolved chemical species, and 

various inorganic ad organic complexes, and, in addition, it is readily transported. Most zirac 

introduced into aquatic environments is eventually partitioned into the sediments. Reduced 

conditions enhance zinc's bioavailability. 

No information was available on the toxicological effects associated with other inorganic ECPCs 

for soil and sediment. 
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Orgmics 

PAHs vary by molecular weight. With increasing molecular weight, aqueous solubility 

decreases and the log K, increases, suggesting increased solubility in fats, a decrease in 

resistance to oxidation and reduction, and a decrease in vapor pressure (Eisler, 1987a). 

Accordingly, PAHs of different molecular weight vary substantially in their behavior and 

distribution in the environment and in their biological effects. In water, PAHs either evaporate, 

disperse into the water column, become incorporated into sediments, or undergo degxadative 

processes such a photooxidation, chemical oxidation, and biological transformation by bacteria 

and animals (Neff, 1979). 

Most environmental concern has focused on PAHs that range in molecular weight from 128.16 

(naphthalene) to 300.36 (coronene). Gemrally, lower molecular weight PAH compounds with 

containing two or three aromatic rings exhibit si-cant acute toxicity but are not minogenic. 

Higher molecular weight PAH compounds, four to seven rings, are siwicantly less toxic, but 

are demonstrably carcinogenic, mutagenic, or teratogenic to aquatic species. PAHs show little 

tendency to biornagmfy in food cbains because most are rapidly metabolized (Eisler, 1987a). 

Very lit&le information is available on food chain adverse effects as a result of soil PAH 

contamhation. 

Organochlorine pesticides have been used extensively in the United States since the 1940s. They 

appear to be ubiquitous in the environment, being found in surface water, sediment, and 

biological tissues. They are readily absorbed by wann-blooded species and degradatory products 

are frequently more toxic than the parent fonn. Food chain biomagnification is usually low, 

except in some marine mammals. In soil invertebrates, organochlorine pesticides can accumulate 

to concentrations higher than those in the sumo- soil, and residues may in turn be ingested 

by birds and other animals fm on earthworms (Beyer and Gish, 1980). Most environmental 

effects studies have been directed at mammals and birds. 
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PCBs are distributed worldwide with measurable comntrations recorded in fishery and wildlife 

resources from nummus locations (Eisler, 1986). They are known to bioaccumulate and to 

biorna- within the food chain and to elicit biologicaI effects such as death, birth defects, 

tumors, and a wasting syndrome. In temsthl environments, PCBs are rapidly metabolized 

from the soil into the terrestrial food chain (McKee, 1992). Subsoitdwelling organisms may 

directly absorb PCBs and food chain transfer to lower-level vertebrate species may occur. 

Dioxins are present as trace compounds in some commercial herbicides and chlorophenols 

(Eisler, 1986). The most toxic and most extensively studied dioxin is 2,3,7,8-TCDD. 

Laboratory studies with birds, mammals, aquatic organisms, and other species have 

demonstrated that exposure to 2,3,7,8-TCDD can result in acute and delayed mortality as well 

as mutagenic atad reproductive effects. In soil, microbial decomposition of TCDD is slow 

(Ramel, 1978) and uptake by vegetation is considered negligible (Blair, 1973). 

7.6 Exp~~ure Pathways and Assessment 

Infawral Znvcdebmtes 

The primary exposure pathway evaluated for infaunal invertebrates will be via direct contact with 

surface soil. An assessment endpoint of a well-balanced soil infaunal community will be 

qualitatively measured by comparing literature data on toxic effects to actual soil concentrations. 

Ternstdid WW&c 

For termtrial wifdlife species, exposure would include direct dermal contact, ingestion of soil 

particles, and food-chain transfer. Small msmmals could contact contaminated soil if the area 

is used as a migratory comdor or if animals burrow into it. The contact time, and thus 

exposure, will be limited when animals are crossing the area, but could be lengthy if burrows 

are established. Dermal contact by small reptiles and amphibians would be similar to that for 

mammals. For insect populations, direct exposure to grounddwelling species could provide a 

link for contaminant transfer to higher-level predators. 
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The assessment endpoint selected for terrestrial wildlife in subzones H-1, H-2, and H-3 is the 

maintenance of well-balanced terrestrial wildlife populations and communities. As a measure 

of the assessment endpoint selected, results of laboratory toxicity studies in literature that relate 

the oral dose of a con muinant with adverse response to growth, reproduction, or survival were 

used. Selected representative wildlife species evaluated through this comparison include: 

Eastern cottontail rabbit (Sylvilagus f2om), red-tailed hawk (Bufeo jamnicensis), and 

short-tailed shrew (Blarim brevicuda) in H-l ; American robin (Turdus migmtorius) and Eastern 

cottontail in H-2; and Eastern cottontail rabbit, red-tailed hawk and short-tailed shrew in H-3. 

All of these species (or an equivalent) are likely to occur within the designated subzones in 

Zone H. 

To assess biotransfer of co ' 

' along food cbains the total potential dietary exposue 

(PDE) has been modeled for representative wildlife species within subzones H-1, H-2, and H-3. 

PDEs are calculated based on predicted co~pcentrations of the ECPC in food items that the 

species would consume, the amount of soil it would ingest, the relative amount of different food 

items in its diet, body weight, and food ingestion rate (Table 7-7). The concentrations of 

E P C s  in food items are estimated based upon literature-reported bioaccumulation factors 

(BAFs), which are a ratio of the ECPC concentration in dietary items to the concentration in 

soil. The BAFs reported for avian and mammalian species are reported ratios of ECPCs in the 

tissue of the animals to the concentrations of ECPCs in their diets. 

The site foraging fPnor (SFF) allows for consideration of the hpency  of feeding in the site 

area by estimating the acreage of the site relative to the receptors feeding range and by 

considering the fraction of the year the naptor would be exposed to site contamham. 
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Food Contaminant 
Concentrati~ (wkg) - - 

p 1 x T ,  + P2xT2 + ... P,xT, + SE] xQxSFF - - 

P, = percent of diet composed of food item N 

T, = tissue conccntration in food item N (mg/kg), ( F d  Contaminant Concentmion) 

I%, = food ingation rate of receptor (kg of food per day) 

SFF = site foraging factor (carmot exceed 1) 

BW = -tor body weight (kg) 

1 = BAF from Table 7-9 

PDE = Potential Dittary Expome 
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Vege W u n  

Woody and herbaceous vegetation in subzones H-1, H-2, and H-3 could likely incorporate 

certain detected constituents (metals) through processes such as uptake/accumulation, 

translocation, adhesion, or biotransformation. Terrestrial herbivores could ingest plant-borne 

constituents. 

Aqulrtic WUl$fe 

The primary exposure pathway evaluated for aquatic wildlife species in Shipyard Creek and 

within subzone H 4 ,  is contact/interface with water and sediment. An assessment endpoint, 

evaluating the aquatic community health, has been selected with a measurement endpoint that 

predicts chronic-effects to aquatic community species. 

7.7 Ecological Ef'fects Assessment 

Infcuural Invertebmtes 

Predicted potential adverse ecological effects to soil invertebrates from identified ECPCs are 

based on effects information in available literature. Because soil MCLs are unavailable for 

effects levels, studies are used for comparative @tative assessments only. 

Ternstrid W M f e  

Potential adverse effects associated with the ideH1ed ECPCs to bird and mammal species are 

based on food uptake potential. Available refmnce toxicity values (RTVs) were detennined for 

each measurement endpoint species selected. The RTV relates the dose of a respective ECPC 

in an oral exposure with an adverse effect. The lethal RTV has been determined to be om-fifth 

of the lowest reported LDM value (concentration of a contamhant at which half of the exposed 

test population die) for the most closely related test species. One-fifth of an oral LD, value is 

considered to be protective of lethal effects for 99.9% of individuals in a test population 

(USEPA, 1986). It is assumed that this Ievel of risk to individuals within terrestrial wildlife 

populations across Zone H is acceptable. 
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A sublethal RTV is also identified, representing a threshold for sublethal effects. Sublethal 

effects are def- as those that impair or prevent reproduction, growth, or survival. The 

sublethal RTV reflects the assessment endpoint chosen as the basis for establishing risk. 

Vegetation 

Toxicity to terrestrial plants from soil contamhints detected within the subzones is qualitatively 

evaluated. Risk potentials are discussed relative to literature studies and general information on 

phytotoxic mechanisms by selected ECPCs. 

Aq& W w e  

Potentid adverse ecological effects to aquatic species ftom identified ECPCs isre predicted based 

on the most conservative benchmark available (i.e., chronic water @ty criteria, sediment 

screening value, or effects information from literatune). Effezts are predicted using a 

preliminary screening approach. Maximum water and sediment concentrations for ECPCs are 

divided by the available benchmark to produce an HQ. Calculated HQs for ECPCs from each 

medii will be summed to &te& an HI. HQs that show a result higher than 1 are considered 

to demonstrate risk. Values higher than 10 are considered to be of moderately high risk a d  

above 100, extreme risk. 

7.8 Risk Characterbtion 

Little information exists on the toxic effects to temsfrial organisms from VOCs. Primarily, the 

only information available are effects studies related to h u m  health from inhalation of specific 

cornpounds by laboratory animals. Impact from the limited occurreace and relatively low 

c o ~ t i o n s  of volatile compounds observed in soil is difficult to assess but it is predicted that 

little to no effect to temstrial species will occur. 

Most toxicological information reviewed for the infaunal invertebrates (Section 7.8.1) dealt with 

earthworms and other infaunal species. It is important to note that soil found in Zone H is 
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predominantly sand and may not suppot these specific-type organisms. Although infaunal 

species found in the sandy environment may not be the same as those dealt with in the literature, 

the ecological niche which they occupy should be similar and, therefore, comparison to 

toxicological concentrations should apply. 

7.8.1 Infaunal Invertebrates 

Although some semivolatiles in soil are considered cminogenic to mammals, very few field 

studies exist on their toxicity to ~~ infauna. Generally, PAHs break down in natural 

systems via photodegradation and microbial transformation. Neuhauser et al. (1986) found that 

specific phenol compounds (4-nitropbl, 2,4,6-trichlorophenol, and phenol) were somewhat 

toxic to earthworms, with PAHs being relatively less toxic than other semivolatile compoUDds 

studied. Artificial soil tests produced lethal comafration (LC& values for fluorene and phenol 

near 200 mg/kg a d  400 mglkg , respectively (Table 7-8). Callahan et al. (1994) found similar 

results in their study on toxicity of 62 chemicals to several earthworm species. Fluorene is 

acutely toxic at certain concentrations but it is not a carcinogen. It is important to note that field 

variability and soil chemical matrices can greatly influence toxicological effects of PAH 

compounds. 

Most toxicological studies on tememial i n f a d  organisms have been directed at meafllriqg 

pesticide effects. Earthworm toxic010gy and response i n f o d o n  is the most prevalent. In a 

study by Beyer and Gish (1980), persistence of DDT, dieldrin, and heptachlor were observed 

in earthworms from field study plots. Investigators agree that earthworms can accumulate 

pesticides to conamrations found in residence soil. Callahan, et al. (1991), showed very good 

soil-to-tissue correlation (R = .725), with accumulation of DDT in single earthworms up to 

22 mgkg. kyer  and Gi (1980) found that earthworms accumulated DDT to 32 mgkg. 

Barker (1958) associated poisoning (lethality) of robins with 60 mghg DDT in carthwonas, and 

Collett and Harrison (1968) f o u l  that blackbirds and thrushes were mpacted at residues near 



F
fn

al
 R

C
R

A
 F

ac
ili

ty
 I

nm
tig

ot
lo

tlo
n R

ep
or

t f
or

 Z
on

e 
H

 
N

A
W

A
SE

 C
lu

vl
at

on
 

Sm
M

Io
ia

 7: 
i?

%
wl

og
io

nl
 Ri
sk
 A

ss
es

sr
nm

t 
Ju

b 
5,

 1
99

6 

T
ab

k 
7

6
 

,
O
~
j
d
C
k
m
i
c
l
l
m
c
c
b
S
h
d
b
o
n
T
c
r
r
c
r
t
r
l
a
l
I
n
f
m
d
l
a
r
~
 

C
ap

pe
r d

m
 

Z
ia

c 
d
tr
 

N
ic

ke
l t

rl
ta

 

C* 
sr

lts
 

L
e

d
 a
tr
 

4-
N

itr
op

at
m

l 

Pl
uo

m
E

 

Ph
en

al
 

~
ro

w
tb

 
di

&
rc

nc
e 
m 

co
m

l 

44
0-
 

G
ro

w
th

 d
iff

er
en

ce
 m
 c

on
tr

ol
 

1,
32

0 
ny

/L
y 

G
ro

w
th

 d
i

m
 

60
 C

O
-l 

2.
80
0 

m
w

ka
 

G
ro

w
th

 d
iff

am
lc

c 
to
 c

oa
tlo

t 

21
,6

00
 w

b
 

G
ro

w
th

 d
iff

er
en

ce
 to
 c

on
tr

ol
 



F
in

al
 R

C
R

A
 F

ac
ili

ty
 In

ve
sti

ga
tla

tlo
n R

p
n

 fo
r 

Zo
ne

 H
 

NA
YB

AS
E 

C
ha

rl
es

to
n 

Se
ct

io
n 

7:
 E

co
lo

gi
ca

l 
R

isk
 A

ss
es

sm
uu

 
Ju

ly
 5

, 
19

96
 

D
D

T
 

D
D
D
 

D
D

E
 

~
M

h
I

 
No
 d

et
ec

ta
bl

e 
am

un
aa

tio
n 

in
 

ti
ss
ue
 fr

om
 r

oi
l c

mc
at
mt
io
bs
 

70
0 
w

b
 

m
d

b
 

M
ill

er
 ct

 11
. 

(1
 96

5)
 



R
d
 RC

RA
 F

ac
ili

ty
 I

ny
cs

tig
al

io
n 

R
p

r
r

 fo
r 
Pn

e 
H

 
N

A
 W

E
 

C
ha

rl
e$

to
n 

Sc
di

on
 7

: 
E

co
lo

gi
ca

l 
Ri
sk
 A

ss
as

m
ar

t 
J

d
v 

5.
 1

99
6 

T
ab

le
 7

6
 

~
d

C
h

a
d

d
~

t
r

~
o

n
T

e
r

r
c

r
t

r
W

I
[

a
t

a
d

 
h-
 

Ra
ea
 ct
 r

l.
 (1

98
8)

 
-- 

PC
B 

Ma
 (

19
82

) 
C

op
pe

r c
hl

or
id

e 
&

w
ee

k 
LC

, 

N
ot

es
: 

r 
=

 
O

m
M

 c
fk

c
a

 k
v&
 

ar
e 

av
er

ag
e 

of
 a

t k
aa

 fi
ve

 o
f 

si
x 

co
m

po
ud

s;
 M
I.
l 

ac
et

at
e;

 m
et

al
 c

a
tb

m
~

e
; m

C
I.l 

ch
lo

C
id

t; 
n
W

d
 n

itm
tc

: 
m

m
l o

xi
de

. 
m

td
 a
rl
fr
tc
 

b 
=

 
C

am
bi

dr
e.

 tn
bo

bc
yi

da
c.

 h
rm

ic
ii
. &

lid
ac

 
an
d 

sh
ph

yl
in

id
ac

 
c 

- A
ve

ry
e 

m
il 

co
ac

en
tn

tio
n 

le
ve

ls
 [m

ui
nn

un
 v

.lu
cs

]. 



Final RCRI Fa-lily Z n ~ g a t i ~ o n  Rtport for Zonr H 
N A W E  CIrarlcjton 

Section 7: EaPlogical Risk Assessmml 
JUry 5, f 996 

- 

20 mg/lcg. At co~lcentrations observed in their study, Callahan et al. (1991) suggested that a 

feeding rate by robins of 10 to 12 earthworms in as many minutes (as observed by Macdonald, 

1983) could provide a suff~cient cu~lcemtion of conlamhation for impacts to robins. Call- 

et al. (1991), also found that chlordane, as with other pesticides, was taken up rapidly by 

earthworn. In Callahan et al. (1991), total DDT concentrations greater than 1,000 mgtkg in 

soil, along with documented long half-life information (5.7 years DDT), indicated a long-term 

significant risk to receptors. 

Risk factors associated with PCBs are similar to those for pesticides. After acute mortality, food 

chin bioma@~cation and transfer are the most important issues to be considered when 

assessing long-term risk. Pahe et al. (1993) suggested a benchmark value between 100 to 

300 mgkg PCB for mortality in terrestrial insects. Also, Rhea et al. (1988) observed LC, 

values for earthworms treated with PCBs at 240 mg/kg. MeKee (1992) reported that soil 

invertebrate community structure was not reduced by exposure to P C B - c o ~ t e d  soil 

(rnaxhum concentrations to 120,000 mglkg wet weight), based on family-level classification 

of invertebrates. 

Reinecke and Nash (1984) studied the toxic effects of dioxin (2,3,7,8-TCDD) in soil to 

earthworms. For two species, Allolobophom caliginosa and Lumbricus r e k l h ,  concentrations 

of 5 mgkg or less had no acute effect, but concentrations of 10 mglkg and above were lethal. 

Most studies on metals toxicity to terrestrial  tors have been directed at infauoat ecosystems 

or avian biology. Information on relative metal toxicities to earthworms was provided by 

Roberts and Dorough (1984) where, along with 90 other chemicals, three metal salts (cadmium 

chloride, copper sulfate, Md lead nitrate) were tested. Th results showed that these heavy 

metal salts fell into the "very toxic" category, with LC, values in tbc 10 to 100 pglcm* range. 

Although these concentrations (more s p e c W y ,  application doses) m y  be relative to 

earthworms, it is improper to apply them to upper-level sophic species. Studies indicate that 
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some degradation products become iracfeasingly more toxic to earthworms and less toxic to 

upper-level vertebrates. Other studies on toxicities of metal salts to earthworms have been 

conducted by Neuhauser et rtl. (1986), and Malecki et al. (1982). In the former study, metal 

nitrate compounds were relatively toxic to earthworms in this order: copper > zinc > nickel > 
cadmium > lead. Mean LC, values were 643, 662, 757, 1,843 and 6,000 mgikg, respectively. 

In the latter study, six chemical forms of each metal were chosen to cover a broad range of 

solubility and to represent the forms likely to be found in the soil. Overall, cadmium was most 

toxic, followed by nickel, copper, zirac, and lead. It appears obvious from the results of these 

two studies h t  the form of the metal in soil is a major consideration in judging effects of its 

concentration on soil biota. 

Ma (1984) investigated sublethal effects of copper in soil to growth, cocoon production, and 

litter breakdown activity fix Lwnbnw r u b e k .  Cocoon and litter breakdown activity were 

si-cantly reduced at 131 mgkg ciopper and mortality was first observed at concentrations 

near 300 mgkg. 

Parmelee et al. (1993) found that total nematodelmicroarthropd (mostly mites) numbers 

declined in soil having copper concentrations above 200 mglkg; omnivore-predator nematodes 

and specific micmartlmpod groups were significantly reduced at 100 mgkg copper. 

Subzone H-1 

Maximum comentmtions for some inorganic constituents f o u l  in H-1 may pose a high risk to 

infaunal species. 'RE maximum copper concentration of 3,040 mglkg is above the effects levels 

for earthworms as observed in several studies: Neuhauser et d. (1986), 643 mgkg; Ma (1982), 

150 mg/kg; and Nielsen (1951), 150 mglkg. The maximum copper concentration was also 

above an effects level for mites as observed by Strait (1984). Also, the maximurn soil 

concentration for lead (6,170 mgtkg) was just above the 6,000 mg/kg effects level to earthworms 

found by Neuhmer et al. (1986). The maximum zinc concentration (2,800 mg/lcg) was above 
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or near the levels found to impact earthworms in two sepafate stdies: Neuhauser et al. (1986), 

662 mgkg, and Malecki et al. (1982), 2,800 m g b .  Effects to earfhworms from inorganic 

mercury have also been documented at concentrations as low as 0.79 mgtkg, which is below the 

maximum mercury concentration (6.9 mg/kg) detected at H-1 . Themfore, risks to infauna from 

mercury contaminaton is also possible. 

Within H-1, risk to infaunal communities from observed inorganic and PAH concentrations is 

predicted. Although co~lcentxations of individual PAH compounds (maximum to 4,200 pgtkg) 

are not above the minimum effects levels observed by Neuhauser et al. (1986) in earthworms 

(LCrn = 173,000 pglkg for fluorene), the high f%quency of ocame~lfe across the site and 

potential additive effects of the 23 PAH compounds detezted may impact soil biota. Risks 

related to biotransfer of co ntaminantS through i n f a d  species to terrestrial vertebrate species 

will be addressed later. 

Overall, risk to soiI infaunal receptors from pesticide concentrations in H-1 are low. Observed 

concentrations (maximum near 16 pgkg) are negligible and well below those cited in the 

literature (12,000+ pg/kg) whexe no effect was observed to earthworms. Potential transfer of 

pesticides through infaunal organisms to upper-level species is expected to be low. Again, this 

pathway will be evaluated relative to upper-level vertebrate species in subsequent sections. 

The maximum PCB collcentrations found in H-1 soil (2.30 pgkg) were observed at two orders 

of magnitude below the lowest concentrations for PCBs cited in the literature where acute effats 

to soil invertebrates (I&=240 pg/kg; Rhett et al., 1988). No effect is predicted to i n f m  

from PCBs in soil. 

Also, no acute effects to infauna from dioxin in soil at H-1 should occur. The observed 

xrmimum concentration of 8 nanogram per kilogram (ng/kg) is several ordcrr of magnitude 

below the acute effects level to earthworms of 10 mgkg as observed by R e k k e  and Nash 
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(1984). No infomation was found ~ l a t e d  to chronic effects of dioxin to soil invertebrate 

populations. 

Subzone 8-2 

Some inorganic constituents found in H-2 surface soil are at co~lcentrations that pose a high risk 

to infaunal species. The maximum zinc concentration of 15,100 mg/kg is well above the effects 

levels observed in the Iiterature which cause acute mortality and negative growth effects in 

earthworms (LC. Neuhauser et al. [1986], 660 mgkg; Malecki et al. [1982], 2,800 mgikg; and 

Miller et al. [1985], 628 mglkg). Also, maximum soil concentrations for copper (4,060 mglkg) 

and lead (2,770 mglkg) could conceivably present a risk to invertebrate populations. Effects to 

earthworms have also been documented (Abbasi and Soni [1983], 0.79 mg/kg) below the 

maximum mercury concentration (3 -5 mglkg) detected at H-2. Therefore, risks to infauna from 

mercury contamination is possible. Limited spatial distribution of elevated concentrations for 

all inorganics, however, will reduce risk potential within H-2. 

PAH concentrations are not at individual compound concentrations that would indicate toxicity 

to infauna (see Table 7-4b). Considering the maximum concentrations detected and the limited 

spatial distribution, the potential for effects from t o t .  SVOCs detected is low. Based on 

literature studies (see Table 7-8), toxic effects resulting from PCB and dioxin concentrations 

detected should not be occurring. 

Pesticides were not measured in soil at H-2. 

Subwne El-3 

Except for lead, soil inorganic concentrations should not present a risk to infaunal species. The 

maximum lead concentration detected of (20,900 mg/kg) was considerably above the LC, value 

(6,000 mg/kg) reported by Neuhauser et al. (1986), but was similar to the effects concentration 

(21,600 mg/kg) reported in Malecki et al. (1982), for the same earthworm species. Therefore, 
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the risk potentd exists, but the wide range for effects reported in the literature tends to reduce 

this concern. 

As in subzone H-1, individual PAH concentrations may not be critical, but additive effects from 

PAHs found, along with other SVOCs detected, may threaten soiI infaunal species. Overall 

individual PAH concentrations were higher in H-3 than other subzones and this would be 

expected considering the area's historical use. Although PAH transfer to other biological 

organisms is possible, high PAH concentrations in soil can also lead to increased populations 

of microorganisms capable of degrading the compounds (Edwards, 1983). 

Spatially, pesticide occurrence at H-3 appears to be limited. DDE was found most often but at 

less than half of the sample locations. Concmtmtions found for all pesticides, when compared 

to effects information for DDT, DDD, and DDE, do not indicate a risk to infaunal organisms. 

Also, PCB and dioxin concentrations detected (xxmximum: 376 pgkg and 3.77 ngkg, 

respectively) do not indicate a serious threat to lower-level soil invertebrates. 

7.8.2 Termtrial Wildlife 

Risks for the representative wildlife species associated with ingestion of surface soil and food 

are quantitatively evaluated using HQs, which are calculated for each ECPC by dividing the 

estimated dietary exposure concentration (PDE) by the toxicological benchmark (RTV). HIS 

are demmhd  for each representative wildlife species by rmmming the HQs for all ECPCs. 

When the estimated PDE is less than the RTV (HQ < I), the c o m n h n t  exposure is assumed 

to fall below the range considered to be a s s o c ~  with adverse effects for growth, reproduction, 

and survival and m risk to the wildlife populations is assumed. When the HQ or HI is greater 

thn one, tbc ecological significance is disfussed md risk is assumed. When HIs are greater 

than 1, the HQs comprising the HI were evaluated. 
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For representative terrestrial wildlife species, PDEs were calculated using available 

bioaccumulation data (Table 7-9) for ECPCs presented in Tables 7-3, 74 ,  and 7-5. PDEs could 

not be calculated for those compoWLdS without an associated BAF. Exposure parameters and 

assumptions for representative species at subzones H-1, H-2, and H-3 (Tables 7-10, 7-11, 

and 7-12 respectively) were used to dculate food contamhmt concentrations. PDE values were 

obtained using the model for prediction of contaminant exposure presented in Table 7-7. When 

the maximum concentration of an ECPC produced HQs greater than 1, mean values for those 

constituents were then used to determine the soil concentration necessary to produce risk 

quotients (HQs) below 1 (see Table 7-13). HQs for both lethal and sublethal effects for ECPCs 

at subzones H-1, H-2, d H-3 were determind and are presented in Tables 7-14(a, b, c, 

and d), 7-15(a, b, c, and d), and 7-16(a, b, c, and d). This concentration is referred to as the 

Significant Risk Level (SRL) and is discussed in the following sections. Also, spatial relevance 

of concentrations exceeding the SRL for those ECPCs with HQs greater than 1 are presented as 

figures. 

Subzm~ H-I 

Potential lethal effects (HI > 1) from rnaxbum soil concentrations in subzone H-1 are present 

based on the HI values calculated for the Easterxl cotUmtail rabbit and short-tailed, shrew 

(Table 7-14a). For the rabbit, only mercury had an HQ > I. Backcalculation, to determine at 

what c o ~ t i o n  the HQ would falI below 1, showed only one location had a maximum 

concentration that was above tfme SRL for mercury of 5.3 mgkg flable 7-13 and Figure 74). 

For the shrew, only zinc bad an HQ greater than 1. Seven locatiom had concentrations 

exceeding the SRL for zinc (Table 7-13 and Figure 7-5). Mean values for those ECPCs 

identified as major contributors to risk in H-1 all produced HQs below 1 (Table 7-14c). 
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Potential sublethal effects from maximum soil contaminant concentrations in subzone W-1 are 

present to all three wildlife species (Table 7-13b). HQs for the red-tailed hawk produced an HI 

above 1, but no single ECPC had an HQ which exceeded 1. Sublethal SRLs for the hawk were, 

therefore, not calculated. 

For the rabbit, the sublethal HQ for copper was greater tban 1. An SRL of 2,850 mglkg was 

determined (Table 7-13). M y  the location with the maximum concentration exceeded this level 

(Figure 7-6). For the shrew, both zinc and organic bad an HQ above 1. Three locations across 

this subzone had concentrations exceeding the SRL for zinc (Table 7-13 and Figure 7-5) and 

18 locations exceed the shrew's SRL for organic (Figure 7-7). Mean values for those ECPCs 

identified as major contributors to risk all produced HQs below 1 (see Table 7-14d). 

Subwne H-2 

Potential lethal and sublethal effects from maximum concentrations of soil contaminants in 

subzone H-2 are present based HI values calculated for the Eastern cottontail rabbit 

(Tables 7-15a and 7-15b). Maximum soil cotlcentrations for copper, zinc, cadmium, and 

manganese produced the HQ values responsible for a lethal HI value of 2.9. Only zinc had an 

HQ above 1. Only the highest concentration of zinc (15,100 mgtkg) exceeded the respective 

SRL of 12,000 mgkg (see Table 7-13 and Figure 7-8). Mean values for those ECPCs 
identified as major contributors to risk alI produced HQs below 1 (Table 7-15c). 

For sublethal effects, again, arsenic, cadmium, copper, zinc, and mercury had highest overall 

HQ values resulting in an HI of 6.6 for the cottontail and HI of 17 for the robin. Copper and 

zinc were the only inorganics having HQs greater than 1 (Table 7-15b). For copper, the 

155 mgkg SRL was exceeded at 13 locations (see Figure 7-9). The SRL for zinc (400 m g b )  

was also exceeded at 13 locations (see Table 7-13 and Figures 7-8). Mean values for those 

ECPCs identified as major contributors to risk all produced HQs below 1 (Table 7-15d). 
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Notes: 
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Tabk 7-16e 
HamdQubticntdforPottatlnlLctbrlEElcctrforScleeledWad;UleSpecksAwd.tcdwitb 

Mean Exponne ~~ of Stlccttd E X P O  In Soil at Subzonc H-3 

Mean CoDc 
bww RTV 

h a :  
mepacoac = Mean Comemation of Analyte. 
PDE - P o t e n t k l D i a n r y H x p o s u n ( ~ w ) ~ M o n ~ m i a T & l e 7 - 7 .  
RTV P k k r a c c  Toxicity Value (mgkg/BWIday) - 115 of the lowest reported LCM value from Appendix P for closest 

rcw species. 
HQ = Hazard Quotient - RDE divided by the RTV. 

b s h n  cattontail Rabbit 

MeraConc 
(mJlu) PDE R W  

N o w :  
mpacoac = M e o n C ~ o f A n a l y t e .  
PDE = Potmti.l Dicgy Expome (+g/BW) cr lcuhd based on equation in Table 74. 
RTV = Rcrcrmcc Toxicity Value (mg/kg/BWl&y) - lowcst reporred LOAEL value from Appendix P. 
HQ - h m d  Quotient - PDE divided by the RTV. 
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The risk potential produced by the model contradicts some literature information relative to 

metal transfer to herbivores in a temstrial sating. Pascoe et al. (1994) fourad that the 

bioavailable W o n  of metals and arsenic in soil to herbivores are ldted.  But results of the 

mode1 agree with other studies which show that transfer of metal to herbivores via plant uptake 

from soils is feasible (Leita et at., 1991). Measurement of tissue concentrations or in-situ 

bi-ulatim studies are needed to assess the actual potential for impacts to herbivores at 

H-2. 

For American robin in subzone H-2, all HQs and the HI value for lethal effects was less than 1. 

No potential lethal adverse effects to passerine bird species exists as a result of exposure to 

ECPCs in d a c e  soil. 

Potential sublethal effects to robins exists from exposure to ECPCs in soil based on HQ and HI 

values. As with rabbits, metal concentrations were most responsible for the HI value of 17. 

Copper and mercwy were the primary constituents. For copper, the SRL of 300 mgkg was 

exceeded at 12 locations (Table 7-13 a d  Figure 7-9). The mercury SRL (1.2 mgkg) was 

exceeded at three locations. Only the mean value for copper resulted in an HQ above 1 (see 

Table 7- 14d and Figure 7-10). 

The model prediction of risks to carnivorous bird species appears to be accurate in relation to 

literature iafomtion. Uptake of metals by soil invertebrates, such as earthworms, to levels 

equal to soil c o m t i o n s  has been shown (Neuhauser et al., 1985) and tarthworrns have been 

shown to be an important food item of the American robin (McDonald, 1983). Based on the 

maximum values observed at H-2, birds preying on soil i n f a d  species are likely at risk. 

Again, in-situ bioaccumulation studies would help to reduce any umxmhty inherent in the 

model prediction. 
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A potential lethal risk to short-tailed shrew is present based on the maximum soil concentration 

observed for lead (Table 15a). The maximum lead concentration (20,900 mgkg) resulted in ao 

HQ of 2.6, the major contributor to the overall HI value of 2.8. The lead SRL of 8,000 mg/kg 

(Table 7-13) was exceeded only at the location with the maximum concentration (Figure 7-11). 

Mean values for those ECPCs identified as major contributors to risk all produced HQs below 1 

(see Table 7-16c). 

A potential sublethal risk to Eastern cottontail rabbit was indicated by the model (HI = 3. I), due 

primarity to the arsenic HQ of 2.6. The arsenic SRL of 27 mg/kg (Table 7-13) was exceeded 

at two locations (Figure 7-12). Mean values for those ECPCs identified as major contributors 

to risk all produced HQs below 1 (see Table 7-16d). 

7.8.3 Vegetation 

Limited information exists on toxic effects of soil contamination to p h t s  in natural 

environments. Most literature containing effeds information deals with herbicide or fungicide 

application programs. Beyer et al. (1985) demonstrated that only a small portion of all metals 

measured in soil became incorporated in plant foliage. In the study, the origin for plant metal 

residues was suggested to have come primarily firm aerial deposition. Table 7-17 presents 

phytotoxic effects concentrations for arsenic, lead, and zinc for several species. Effects 

concentrations vary depending on specific soil physicochemical conditions such as pH, organic 

content, and CEC. 

Arsenic availability to plants is typically highest in coarse-textwed soil having little CEC and 

lowest in clay having organic material, and containing iron, calcium, and phosphate 

(NRCC, 1978). Cadmium appears to be taken up by plants in soil that has a b m d l y  high 

cadmium residues. For chromium, Towill et al.'s (1978) study showed no phytotoxic effects 

to plants for elevated chromium concentrations. 
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Like other metals, the bioavailability of lead in soil to plants in enhanced by reduced soil pH, 

reduced organic matter, and reduced iron oxides and phosphorus content (NRCC, 1973). 

Studies have shown there is no convinc'ing evidence that terrestrial vegetation is important in 

food chain biomagnification of lead (USEPA, 1980). Chang et al. (1983) observed that zinc 

uptake was lower in coarse loamy soil than in fine loamy soil. The phytotoxic nature of copper 

to crop production has been studied relative to application rates m t  et al., 1961). Little 

information exists on mercury effects to h e r b m u  or woody plants (Eisler, 1987b). 

Studies by USEPA (1980), Lee and Grant (1981), Wang and Meresz (1982) and Edwards (1983) 

generally conclude five points for PAK's effects to plants. First, plants can absorb PAHs from 

soil through mots to other parts. Second, lower molecular weight compouads are absorbed more 

readily than higher molecular weight compounds. Third, above@ parts have higher residue 

concentrations which itre most likely attributable to airborne deposition. Fourth, PAH-induced 

phytotoxic effects are rare. Fifth, higher plants can catabdize benu>(a)pyrene and possibly 0 t h  

PAH compo&, armd finally, plant uptake of PAHs is most likely not a significant pathway to 

terrestrial vertebrate species. 

For PCBs, Kfekowski (1982) suggested that there was no evidence of genetic damage to 

terrestrial plants at a PCB-contaminated site in Massachusetts. 

For dioxins, Isensee and Jones (1971) indicated that h e r  uptake by terreStriat plants was less 

m a y  comparable to uptake by aquatic plants, and studies by Blair (1973) and Ramel (1978) 

considered uptake of 2,3,7,8-TCDD in soil by vegetation to be negligible. 

Eisler (1990) noted that thm was W e  information available on phytotoxicity of chlordane and 

that there was little evidence to indicate accumulation by crop plnms. In soils, chlordane is 

mostly innnobile sad there is only a limited cap~ity for transIucation imO edible portions of 

food crops (NRCC, 1975). 
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Based on detected concentrations of copper (3,040 mglkg) , lead (6,170 mglkg) , and 

zinc (2,800 mgkg), and considering the physical nature of soils within subzone H-1, a risk to 

young herbac~ous species exists. Phytotoxic effects levels for organics were not available, but 

survey of the area did not identify any observable negative effects to vegetation. 

Subzone H-2 

Based on detected maximum concentrations of lead (2,770 mgtkg), copper (4,060 mg/kg), and 

zinc (15,100 mgikg), and considering the physical nature of soil within subzone H-2, a risk to 

young herbaceous species exists. Again, effects from organic concentrations could not be 

assessed and man-induced mmcations to the area made observable effects to vegetation from 

soil c o ~ t i o n  difficult to determine. 

Subwnc H-3 

Although lead concentrations were high (20,900 mglkg) in soil at subzone H-3, the monotypic 

nature of the grass fields and the low capacity of grasses to store significant amounts of metals 

(Eisler, 1988b) will reduce the risk of lead phytotoxic effects in this subzone to an acceptable 

level. Again, organic concentrations could not be assessed. 

Subzone H-4 

Based on detected maximum concentrations of copper (57.1 mgkg) and zinc (147 mgtkg), and 

considering the physical nature of soiVsediment within subzone H-4, a risk to young herbaceous 

species exists. Again, effects from organic concentrations could not be assessed and man- 

induced modifications to the area made observable effects to vegetation from soil contamination 

difficult to determine. . 

The reported areas of stressed or lacking vegetation in H-4 south of SWMU 9 were in the same 

area as remnants of an antenna field. Rather than a contamination-related effect, the lack of 
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vegetation is more likely attributed to the change of topography in the area of the guy anchors. 

Sedimentlsoil samples collected in these areas did not indicate higher contamination. 

7.8.4 Aquatic Wildlife 

Surface water and sediment were measured in Shipyard Creek (within subzone H-1) to assess 

potential for risks to aquatic species endemic to the waterbody. Mean concentrations of six 

inorganic constituents (aluminum, copper, lead, nickel, zinc, aad chromium) exceeded surface 

water contaminant concentrations suggested for chronic effects to aquatic wildlife (Table 7-6a). 

Concentrations were two to 17 times above the indicated effects levels. Based on effects levels 

comparisons, risk to sensitive aquatic life from surface water may be high within the upper 

portion of Shipyard Creek. 

A risk to aquatic receptors from sediment of Shipyard Creek exists based on exceedances of 

USEPA Region IV Sediment Screen& Values (see Table 7-6b). HQ values greater tt.lan 1 for 

lead, nickel, arsenic, copper, chromium, zinc, mercury, PCBs, DDT, DDE, total DDT, 

fluoranthene, pyrene, and total PAIfs were determined, As SSVs are derived from statistical 

intexpretation of effects databases obtained from literature, actual risks to receptors within 

Shipyard Creek may be lower than that implied by use of the SSV in the screening assessment. 

Generally, organic constibent concentrations (HQs > 10 for 4,4'-DDT, 4,4'-DDE, total DDT, 

fluomthem!, and pyrene; HQ > 100 for total PCBs) appear to be more critical than inorganic 

concentrations (all HQs < 10). Because of this information, a more d e M  detexmination of 

risks to receptors from sediment contamination in Shipyard Cmk will be conducted during the 

Zone J RFI. 

Subzone 8-2 

Two H-2 sediment samples collected in association with S7KMU 159 exhibited high 

concentrations of metals and SVOC compounds. These sedimeats, however, were collected in 

narrow drainsge ditches which, based on their size a d  frecpent dryness. Muld not support mr 
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pose a signtficant risk to site-specific aquatic wildlife. Based on observed sediment 

concentrations and potential migration pathways, however, risk m y  exist to downgradient 

wetland communities in H-4 and possibly aquatic wildlife in Shipyard Creek. The single 

sediment sample collected in the small, semipemmmtly flooded pond north of the Building 661 

parking area did not contain significant concentrations of inorganic or organic constituents. The 

results for these H-2 sediment samples are presented in Table 7 4 ~ .  These aquatic areas will be 

fiuther assessed during the Zone J RFI, as necessary. 

Subzone H-3 

The sediment collected in H-3, particularly in the westemmost sample 670M000101, exhibited 

high concentrations of lead, PAHs, and other SVOC compounds. These sediments, however, 

were collected in low-lying surface depressions which, based on their frequent dryness, do not 

support significant communities of aquatic wildlife. These land-locked depressions also lack 

apparent connections to other wetlands and water bodies. With a lack of suitable habitat and the 

inability to convey surface water, no risk is predicted for aquatic wildlife. 

Subwnc H-4 

Based on exceedances of USEPA Region IV SSVs, potential risk to aquatic wildlife exists from 

con taminant concentrations observed in surface water and sediments in subzone H-4. Although 

sediment HQ values for several constituents were above one (see Table 7-tic), only three organic 

compounds (total PCBs, 4,4'- DDT, and total DDT) had HQ values which exceeded 10. SSV 

exceedances for each of these three organics occurred at only a third of the stations sampled. 

Overall, risks to aquatic receptors in subzone HQ appear to be low. The Wings of this 

screening assessment for subzone H-4 will be incorporated into the Zoae J RFI. 
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General mmtahties are associated with the ccological risk assessment for Zone H, 

Depdation of chemicals has not been considered in the ECPC selection process. 

Specific effects to biota within the area are unknown. 

Acute and chronic effects data on some ECPCs were unavailable. 

Synergistic or antagonistic effects cannot be quamifie& 

For some ECPCs, only assumptions relative to similar cornpounds or classes of elements 

can be made. 

Use of related species for risk determination may over- or under-estimate risk to selected 

presentative wildlife species. 

Dermal or inhalation exposure pathways were not evaluated. 

Maximum exposure scenarios and concentrations may tend to overestimate risk potentiah. 

On occasion, BAFs were assumed due to lack of information. 

ActuaI occurreace of selected wildlife species witbin the contaminated area is uncertain. 

Food ingestion rites in food chain analyses may be a source of uwrtpinty to exposure. 
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7.10 Ecological Risk Assessment Conclusions 

Potential risks for ecological receptors were evaluated for ECPCs in surface soil, surface water, 

sediment at Zone H. Risks associated with exposure to ECPCs in surface soil were evaluated 

for terrestrial wildlife based on a model that predicts the amount of contaminant exposure via 

ttae diet and incidental ingestion of soil. Comparison of predicted doses for representative 

wildlife species with doses representing thresholds for both lethal and sublethal effects (RTVs) 

is the basis of the risk evaluati011. Risks for soil invertebrates and plants were evaluated based 

on qualitative comp&ns to literature effects-levels for taxonomic groups similar to those 

potentially occurring at Zone H. Risks for aquatic organisms were evaluated by calculating HQs 

from benchmark values that are either promulgated or proposed by federal a d  stcite regulatory 

agencies. 

Risk summary 

Infaunal Invertebrates - A high risk to soil infaunal organisms exists from inorganic 

constituents and low but widespread concentrations of PAH compounds detected in subzone 

H-1. The risk from other organic ECPCs in H-1 appears to be low. Within subzune H-2, a 

relatively high risk to soil infaunal organisms is also predicted from exposure to inorganic 

ECPCs (zinc, copper, and lead). No risk is expected from organic ECPCs in H-2 soil. A risk 

to infaunal organisms from soil lead concentrations at subzone H-3 is predicted. Also, low but 

widespread concentrations of PAH ECPCs at subzone H-3 may pose a moderate risk to soil 

infaunal species. No risk is predicted for other organic ECPCs in soil from subzone H-3. 

T e r r e M  WIdIife - For representative terrestrial wildlife species, mean concentration values 

were used to dekrmk the soil concentration necessary to produce risk quotients (HQs) 

below 1. This concentration is referred to as the Signifbud Risk Level (SRL). Those 

contaminant c o ~ o n s  below the respective lethal and sublethal SRLs were considered to 

pose negligible risk to the representative species. 
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Potential lethal and sublethal effects from inorganics (zinc, mercury, copper, and lead) are 

present in H-1 based on the HQ and HI values calculated for the rabbit, hawk, and shrew. The 

concentrations of inorganics in H-1 (lead, zinc, copper, and mefcury) which exceeded the 

respective SRLs were primarily detected in SWMU 19 surface soil samples. 

Within subzone H-2, copper, zinc, cadmium, and manganese concentrations contributed to an 

HI value predicting lethal effects to rabbits. This risk, however, is driven primarily from soil 

samples collected at SWMU 121. Risk for sublethal effects in H-2 are also present for the 

Cottontail rabbit and the American robin due to the copper, mercury, and zinc concentrations 

detected at SWMU 121. 

The two H-3 soil samples with the highest concentrations of lead (collected from SWMU 15 and 

AOC 670) drive the lethal risk potential for shrews. The maximum concentration of arsenic 

detected in one sample at AOC 670 poses a sublethal risk to rabbits. 

Vegetation - Risk to young herbaceous species b m  soil EPCs (copper, lead, and zinc) is 

predicted in both subzones H-1 and H-2. While lead concentrations in H-3 were high, 

significant phytotoxic effects are not expected due to monotypic nature and the low storage 

capacity for metals within the exist@ vegetation (grass). Copper and zinc were present in H4 
sediments at concentrations that may also pose a risk to young hexbaceous species. 

Aquatic Wildlife - Chronic effects are predicted to aquatic wildlife from ECPCs in surface 

water and sediments in Shipyard Creek. For both inorganic and organic ECPCs, HQ values 

were above 1. Sediment concentrations from suxfaw depressions in H-3 were high for PAHs, 

lead, and other SVOCs but with th absare of aquatic receptors md migration pathways, m 

risk is predicted. 
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Risks to aquatic receptors from observed sediment concentrations in H-4 appear to be moderate. 

Only three organic compounds had HQ values above 10, and spatial distribution was limited. 

SWMUs 9 and 20 should be considered likely sources of H4 contaminants. The Zone I RFI 

report and subsequent sampling performed for the Zone J RFI will help further refine the source 

definition. 
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8.0 RECOMMENDATIONS FOR CORRECTIVE MEASURES 

According to Permit Condition W.E., Corrective Action Plan, the SCDHEC will review the 

fd RFI report and not@ NAVBASE of the need for further investigations, corrective actions, 

or a corrective action study, or plan to meet the requirements of R.61-79.244.101, Corrective 

Action for SWMUs. Section 8 and the following section have been prepared based on 

SCDEC's comment that "the RFI report should discuss whether the extent of contamination 

has been defined, and propose recommended actions for the SWbWs and AOCs, such as 

collection of additional samples, proceed into a Corrective Measures Study, or No Further 

Action, whichever is appropriate. " Section 9.0 includes Table 9.25, Zone H RFI, Summary of 

Recommendations. This table summarizes site-specific information includmg which sites have 

been proposed for further action (CMS). In addition, Section 9 includes figures that delineate 

the extent of contamination as def111ed by risk. 

The NAVBASE project team established ALs for assessing whether to conduct a CMS at 1W 

residential risk andlor 100 ppm TPH. However, according to the SCDHEC, industrial cleanup 

levels will be acceptable if an agreement has been reached and approved by SCDHEC, and 

NAVBASE can demonstrate that appropriate and effective institutional controls can be 

rnaiutained at the site. Ecological risk, if found to be at an unacceptable level, may also be used 

to initiate and drive certain CMS efforts. 

The following discussions in conjunction with Section 9 address each site relative to the 

established ALs, the need for additional investigation, corrective actions, or a corrective action 

study and/or treatability study. The potentid remedies listed are based on collected data and the 

presumptive remedies presented in the RFI work plan. Tbe steps to be conducted during a CMS 

also are reviewed. 
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8.1 Introduction 

Any CMS at NAVBASE will be conducted according to standard methods presented in the 

USEPA guidance document RCRA Corrective Action Plan (USEPA, 1994g). The standard 

methodology will be presented in the CMS Work Plan, and will facilitate collecting necessary 

data, evaluating potential alternatives, and developing a final remedial alternative by establishing 

a set procedure for evaluation and assessment. 

To establish this procedure, the CMS Work Plan will outline the CMS report, discussing basic 

elements. The overall structure of the plan will be explained to illustrate the decision-making 

process. Briefly, the report outline is as follows: 

Report Outline 

A, Introduction/Purpose 

B Description of Current Conditions 

C. Corrective Action Objectives 

D. Identification, Screening, and Development of Corrective Measure Alternatives 

E. Evaluation of a Final Corrective Measure Alternative 

F. Recommendation by a PemitteelRespondent for a Final Corrective Measure Alternative 

G. Public Involvement Plan 

Each required element will be discussed in detail in the CMS Work Plan. The discussion will 

achieve the following: 

• Identify minimum requirements for CMS reports in each area. 

Define the base "pool" of technologies which will be evaluated for each medium. 

Define the evaluation process. 

Identify selection criteria for the final corrective measure alternative. 
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Issues to be discussed under each element are identified as follows: 

An activity-specific description of the overall purpose of the CMS for NAVBASE. 

W U s  and AOCs at NAWASE will be discussed in the CMS Work Plan on a zone-wide 

basis. Activities, contaminants, and issues spec@ to each zone will be discussed. The 

CMS Work P h  will identrfi: specific sites to be addressed in the CMS, any focused 

approach (such as naming a primary technology in lieu of the full screening), and the 

subsequent cleanup goals. 

e A description of the corrective action objectives for NAVBASE, including how target 

media cleanup standards, points of compliance, or risk assessments will be established 

and performed for each site, tone, and activity. 

Cleanup standards will be developed for each site, zone, or activity using the designated 

exposure scenario (residential, commercial, or industrial) for that area and relative to 

receptor type, human or ecological. BRAS, conducted in conjunction with the RFl for 

each zone, will be used to identfi areas with unacceptable risk/hazard as per the 

designated exposure scenario. During the CMS, areas with unacceptable risk to human 

and ecological receptors will be evaluated according to media, primary contaminants 

contributing to risk, and the potential for groundwater contamination. 

Identification, screening, and development of corrective measures alternatives. 

Tables similar to those presented in the NAVBASE RFI Work Plans will be used in the 

CMS Work Plan to present the '@oolV of technologies initially evaluated in a CMS. 

These tables represent a range of technologies with dzfferent applications; each 

technology must be screened and evaluated before it is discarded from further 
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consideration. The tables, therefore, preclude any bias toward a particular technology 

through full-scale screening techniques. 

Technologies will be screened using site- and waste-specific characteristics. The CMS 

Work Plan will identtfl factors to be considered, including rype of media, depth of 

contamination, areal extent of contamination, number and rype of contaminants, remedial 

goals, fitwe land use scemrios, and adjacent remedial activities. In addition, the CMS 

Work Plan will present the requirements for implementing Corrective Action Management 

Units (CAM Us). 

Once technologies have been screened, they will be assembled into corrective action 

alternatives. These altemtives will be evaluated according to criteria discussed as 

follows. 

A description of the general approach to investigating and evaluating potential corrective 

action measures. 

Corrective measures alternatives will be evaluated using four primary and flve secondary 

criteria, listed as follows: 

Primary 

1. Protect human health and the environment. 

2. Attain media cleanup standard. set by the implementing agency. 

3. Control the source of releases so as to reduce or eliminate, to the extent 

practicable, finher releases that may pose a threat to human health and the 

environment. 

4. Comply with any applicable standards for management of wastes. 
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Secondby 

I .  Long-term reliabiliry and effectiveness. 

2. Reduction in the toxicity, mobility, or volume of wastes. 
. . 

3. Short-term efectiveness. 

4. Implementability . 
5. Cost. 

Alternatives will be discussed and compared according to these criteria, which are used 

to gauge their relative effectiveness and implementability. 

A detailed description of how pilot, laboratory, and/or bench-scale studies will be 

selected, performed, evaluated, reported, and transferred to full scale. 

Treatability studies will be implemented when more involved treatment units are being 

considered. For example, air stripping technologies usually do not require treatability 

studies to determine optimal processes for treating groundwater. However, ultraviolet 

(UV)/oxidation, an innovative technology, may require atensive treatability testing to 

detennins oxidant dosages and retention times. 

me basic structure and objectives of a treatability study will be discussed. Objectives 

may include: dosages, percent reduction in contaminant, treatment cost per unit volume, 

and implementation constraints. Study results will be used to assess the alternatives 

presented in the CMS and determine the optimal remedial approach for each site, zone, 

or activity. 

A description of how statement of basis/response to comments or permit modifications 

are to be processed. 
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Statement of basis/response to comments will be handled through NA WASE and Southern 

Division Naval Facilities Engineering Command (SOUTHDW. The Comprehensive 

Long-Term Environmental Action Navy (CLEAN) Contractor E/A&H will assist the Navy 

in preparing statement of basis/response to comments. Permit modz~cations will be 

managed through NAVBASE as the permit holder until the base is closed. Upon closure, 

SOUTHDW and NA WASE's caretaker will manage pennit modifications. According to 

the existing RCRA pennit issued May 4, 1990, Appendix C, Facility Submission Summary, 

a pennit modfication is required toprepare and conduct a Corrective Action Study/Plan. 

A description of overall project management including overall approach levels of 

authority (including organizational chart), lines of communication, project schedules, 

budget, and personnel. 

The overall project management is the responsibility of SOUTNDN for the NAVBASE. 

The lines of authordy, communication, and projecr schedules have been developed and 

agreed upon and are provided in the Comprehensive Project Management Plan dated 

August 30, 1994, and amendments. In general, NAVBASE is responsible for ensuring 

conditions of the pennit are satisJied with the ultimate responsibility held by the 

Commander of Charleston Naval Shipyard (CNSY). The budget for conducting CMS is 

defined by SOUTHLIIV and funds are provided by U. S. Congress. Personnel to conduct 

the CMS will be assigned by E/A&H on an as-needed basis and project specific items. 

E/A&H will manage the CMS effoorr through the EnSafe Charleston, South Carolina, 

once. 

Qualifications of personnel to direct or perform the work will be described. 

E/A&H will use trained and qualijied registered engineers and geologists of 

South Carolina where required. 
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8.2 Remedy Selection Approach 

As agreed in the Final Comprehensive Project Management Plan, remedies will be selected in 

accordance with statutory and RCRA CMS criteria. Particular attention will be given to the 

following items when evaluating alternatives: 

• Background concentrations, particularly of inorganic compounds 

Land uselrisk assessment 

Base-wide treatment facilities 

Presumptive remedies 

Petroleum, oils, and lubricants remedies for those type of contaminants 

The use of CAMUs and temporary units (TUs) will be used where necessary to facilitate storage 

and treatment during remediation activities. 

8.3 Proposed Remedy 

Before selecting and implementing corrective measures for releases, environmental and 

cost-effectiveness goals must be established. Typically, the environmental goal is to reduce 

exposure via the direct contact with air, groundwater, and surface water pathways to some level 

of acceptability. The cost-effectiveness goal is usually to achieve the environmental goals using 

the least costly alternative that is both technicaIly feasible and reliable. 

8.4 Development of Target Media Cleanup Goals 

Cleanup goals will be developed for each site at NAVBASE where risk exceeds acceptable levels 

as specified in the Part B permit. Sites requiring further remediation will undergo CMSs. 

During the CMS, alternatives will be developed for future residential andlor future worker uses. 

Two sets of alternatives may be presented for each site; they may differ due to the media 

cleanup standards required under residential versus site worker scenarios. 
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The USEPA guidance document RCRA Corrective Action PIan (IJSEPA, 1994g) outlines issues 

to be considered in developing cleanup goals for groundwater, soil, surface water, sediment, and 

air. These recommendations are outlined as follows. 

8.4.1 Groundwater Cleanup Goals 

The CMS will provide information to support tht 2velopment of groundwater cleanup goals for 

all Appendix IX constituents found in ground .;er during the facility investigation. The 

following information may be required: 

For any constituents for which a Maximum Contaminant Level (MCL) has been 

promulgated under the Safe Drinking Water Act, the MCL value; 

Background concentration of the constituent in groundwater; and 

An alternate standard (e.g., alternative concentration limit for a regulated unit) to be 

approved by the implementing agency. 

Additional considerations while developing cleanup goals include the classification and primary 

use of the contaminated groundwater unit, proposed hture uses for groundwater, proximity to 

surface water, etc. 

8.4.2 Soil Cleanup Goals 

The CMS will provide information to support the development of soil cleanup goals. The 

following information may be required: 
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The volume and physical and chemical characteristics of the wastes in the unit; 

The effectiveness and reliability of containing, conFrning, and collecting systems and 

structures in preventing contaminant migration; 

The hydrologic characteristics of the unit and the surrounding area, including the 

topography of the surrounding land; 

Regional precipitation patterns; 

The current quality of surface soil, including other sources of contamination and their 

cumulative impacts on surface soil; 

The potential for contaminant migration and impact to the underlying groundwater; 

The pattern of land use in the region; 

The potential for health risks caused by human exposure to waste constituents;. and 

The potential for damage to wildlife, food chains, and vegetation caused by exposure to 

waste constituents. 

Damage potential to domestic animals and crops (not applicable at NAVBASE), and physical 

structures caused by exposure to waste constituents was not accessed during this RFI and 

therefore these three elements will not assist in determining soil cleanup goals. Additional 

information which may be considered includes background soil concentrations and regulatory 

guidance (e. g . , UST guidance documents), among others. 
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8.4.3 Surface Water and Sediment Cleanup Goals 

The CMS will provide information to support the development of surface water and sediment 

cleanup goals. The following information may be required: 

The volume and physical and chemical characteristics of waste in the unit; 

The effectiveness and reliability of containing, confining, and collecting systems and 

structures in preventing contaminant migration; 

The hydrologic characteristics of the unit and the surrounding area, including the 

topography of surrounding land; 

Regional precipitation patterns; 

• The quantity, quality, and direction of groundwater flow; 

b The proximity of the unit to surface water; 

The current and potential uses of nearby surface water and any established water quality 

standards; 

The existing quality of surface water, including other sources of contamination and their ' 

cumulative impacts on surface water; 

The patterns of land use in the region; 

The potential for health risks caused by human exposure to waste constituents; and 

The potential for damage to wildlife, food chains, and vegetation caused by exposure to 

waste constituents. 
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Damage potential to domestic animals and crops (not applicable at NAVBASE), and physical 

structures caused by exposure to waste constituents was not accessed during this RFI and 

therefore these three elements will not assist in determining surface water and sediment cleanup 

goals. Additional data which may be considered include the presence of endangered, threatened, 

or ecologically sensitive species, and National Oceanic and Atmospheric Association sediment 

values, among others. 

8.4.4 Air Cleanup Goals 

The CMS will provide information to support the development of air cleanup goals. The 

following information may be required: 

The volume and physical and chemical characteristics of the waste in the unit, including 

its potential for the emission and dispersal of gases, aerosols, and particulates; 

The effectiveness and reliability of systems and structures to reduce or prevent emissions 

of hazardous constituents to the air; 

The operating characteristics of the unit; 

The atmospheric, meteorological, and topographic characteristics of the unit and the 

surrounding areas; 

The current quality of the air, including other sources of contamination and their 

cumulative impact on that medium; 

The potential for health risks caused by human exposure to waste constituents; and 

The potential for damage to wildlife, food chains, and vegetation caused by exposure to 

waste constituents. 



Final RCRA Faciliry Investigation Report for Zone H 
NAVBASE Charleston 
Secrion 8: Recommendations for Corrective Measures 
July 5,  I996 

Damage potential to domestic animals and crops (not applicable at NAVBASE), and physical 

structures caused by exposure to waste constituents was not accessed during this RFI and 

therefore these three elements will not assist in determining air cleanup goals. Other factors 

which may be considered include National Ambient Air Quality Standards, and state and local 

air quality regulations, among others. 

8.5 Identification, Screening, and Development of Corrective Measure Technologies 

The initial step in assembling corrective measures alternatives is to identify, screen, and develop 

corrective measure technologies which apply to the site. Technologies are typically screened 

using waste-, media-, and site-specific characteristics. This section addresses the range of 

technologies which may be assessed for each site, the screening process, and screening criteria. 

8.5.1 Identification of Corrective Measure Technologies 

Each site will be assessed using the cleanup standard methodology described in Section 8.2. An 

initial list of impacted media and COCs have been identified in the RFI. The BRA identified soil 

and groundwater as the contaminated media. For each site, the major contaminants present have 

been grouped into one or more of the following categories: 

Chlorinated volatiles 

Nonchlorinated volatiles 

Chlorinated semivolatiles 

Nonchlorinated semivolatiles 

Pesticides/herbicides 

PCBs 

Dioxins 

Inorganic compounds (includes metals) 

TPH 
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These contaminant groupings and the site at which they have measured have been listed in 

Table 8 , l  (as found in the BRA). This table lists possible remedial technologies for the site and 

denotes with an asterisk which sites contain TPH. Similar technologies may be used at sites 

containing TPH-contaminated soil, Remedial technologies in this table are. described in 

Section 8.5.2 of this document. Table 8.2 lists nontreatment options for soil, 

groundwaterfleachate, sediment, surface water, and air. These options include removal, 

containment, and disposal. Table 8.3 list types of compounds and the types of treatment for 

each media. These tables supply general waste management options for various situations. 

It should be noted that several sites contain a combination of contaminants (i.e,, inorganics, 

pesticides, and petroleum hydrocarbons). As a result, multiple technology types may be 

identified to remove these contaminants. However, some sites only contain one type of 

contaminant or (i.e., benzo(a)pyrene in AOC 665). 

The following example presents a common situation where more than one type of contaminant 

exists at a site. The site contains volatile and semivolatiIe compounds which have been 

identified as slightly exceeding risk-based remediation goals. A containment alternative in this 

situation may include fencing to restrict unauthorized access, aerating the contaminated area, 

adding fertilizer and enriched soil, seeding to maintain a vegetative cover to control runoff, and 

monitoring. This containment approach seeks to minimize health risks through land management 

and natural attenuation. 

As discussed in previous sections, because each site may be evaluated under both residential and 

site worker scenarios, COCs may vary between scenarios. Two lists of applicable technologies 

may be developed for each site, one for each scenario. 
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Tabk 8.1 
Sites Containing COCs, Types of COCs, and Possible Remedial Technologies 

Site Type of Compounds Possible Remedial Technologies 

S W M U  %Soil Metals, PCBs, and SVOCs a) No action 
(includes SWMUs *19, 20, *121, and b) Containment by capping 
AOCs *649.*650, *651. and 654) c) Excavation, ex-sim treatment. 

offionsite disposal 
I) High temperature thermal 

desorption 
2) Incineration 
3) Soil washinglclassifzation 
4) Bioremediation 

d) Witu bioremediation 

SWMU PShallow Groundwater 
(includes SWMUs 19, 20. 121, 
AOCs 649, 650, 65 1, and 654) 

Metals, VOCs, Chlorinated SVOCs, a) No action, monitoring, invinsic 
and and SVOCs remediation, containment 

b) Extraction, chemical treatment 
1) Chemical precipitation 
2) UVlozone 
3) Air or steam strip VOCs, 

discharge to POTW 

SWMU 9-Deep Groundwater 
(includes SW.MUs 19,20, 121, and 
AOCs 649. 650, 651, and 654) 

Chlorinated VOCs and Metals a) No action. monitoring, intrinsic 
remediation 

h) Extraction, chemical treatment 
1) Chemical precipitation 
2) UV/ozone 
3) Air or steam strip VOCs. 

discharge to POTW 

Metals and PCBs a) No action 
b) Excavation, if nonhazardous, 

ex-situ treatment. aR/onsited 
disposal 
1) Solidification 
2) Thermal destruction 
3) Chemical destruction 

(UVlozone) 
c) In-situ solidification for metals 

*SWMU l4Soil Metals and SVOCs a) No action 
(Includes SWMU 15, and AOCs 669, b) Excavation, ex-situ treatment, 
670, and 684) offionsite disposal 

1) Solidification 
2) Thermal destruction of PCBs 
3) Chemical destruction 

&fV/ozone) 
c) In-situ solidification for metals 
df insitu bioremediation 
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Table 8.1 
Sites Containing COCs, Types of COCs, and Possible Remedial Technologies 

Site Type of Compounds Possible Remedial Technologies 

SWMU 14-Shallow Groundwater Merak and SVOCd a) No action, monitoring, inmnsic 
(Jncludes SWMU 15, and AOCs 669, remediation 
670, and 684) b) Extraction. activated sludge 

treament in POTW 

SWMU 14-Deep Groundwater SVOCs, Metals, Pesticides, and 
ficludes SWMU 15, and AOCs 669, Chlorinated SVOCs 
670, and 684) 

PCBs and SVOCs 

a) No action. monitoring, intrinsic 
remediation 

b) Extraction. treatment in POTW 
C) Chemical precipitation of metals, 

discharge to POTW 
d) Air or steam stripping. discharge 

to POTW 

a) No action 
b) Containment by cap 
C) Excavation, if nonhazardow, then 

landfill or ex-situ treatment, offsite 
disposal 
1) Solidification 
2) Thermal destruction 
3) Chemical destruction 

(UVlozom) 

SWMU 17-ShalIow Groundwater PCBs and Chlorinated SVOCs a) No action, monitoring, intrinsic 
remediation 

b) Extraction, discharge to the POTW 
or offsite 

C) Chemical oxidation (UVlozow) 
d) Dechlorination 
e) Thermal destruction 

*AOC 653-Soil Metals and SVOCs a) No action 

b) Excavation, if nonhazardous, 
landfill or ex-situ treatment, 
0iTIoosite disposal 
l) Satidification 
2) Thermal desorptiun 
3) B ~ ~ d k t i o n  

c) la-situ biaremediatim 
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Table 8.1 
Sites Containing COCs, Types of COCs, and Possible Remedial Technologies 

Site Type of Compounds Possible Remedial Technologies 

*AOC 655-Soil PCBs. SVOCs, and Pesricides a) No action 
b) Excavation, if nonhazardous. 

landfill or ex-situ treatment. 
offtomite disposal 
1) Solidification 
2) Thermal desorption 
3) Bioremediation 

c) In-situ bioremediation 

AOC 655-Shallow Groundwater 

AOC 663-Groundwater 

Metals and Pesticides a) No action, monitoring, intrinsic 
remediation 

b) Extraction, treatment, discharge to 
POTW 
1) Chemical precipitation 
2) Carbon adsorption 

Metals, SVOCs a) No action 
b) Excavation, if nonhazardous, 

landfill or ex-sim treatment, 
offlomite disposal 
1) Thermal desorption 
2) Solidification or chemical 

treatment 
3) Bioremediation 

c) In-sim bioremediation 

PCBs, SVOCs, Metals, and Pesticides a) No action 
b) Excavation, if nonhazardous. 

landfill or ex-situ treatment, 
offlonsite disposal 
1) Solidification 
2) Thermal desorption or 

destruction 
3) Biorernediation 

c) In-situ bioremediation 

VOCs a) No action. monitoring. intrinsic 
remedia tion 

b) Extract, air stripping or catbon, 
discharging to the POTW 
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Table 8.1 
Sites Containing COCs. Types of COO, and Possible Remedial Technologies 

Site Type of Compounds Possible Remedial Technologies 

AOC 665-SoiI SVM3s a) No action 
b) Excavatron, if nonhazardous, 

landfill or ex-sint treatment, 
offfo~~site disposal 
1) Thermal desorption 
2) Biorernediation 

c) In-situ bioremediation 

*AOC 666-Soil SVOCs, Metals, and PCBs a) No action 

AOC 666-Groundwater 

b) Excavation, if nonhazardous, 
landfill or ex-situ treatment, 
offlonsite disposal 
1) Thermal desorption 
2) Bioremediation 
3) Solidification 

C) In-situ bioremediation 

chlorinated VOCs a) No action, monitoring, intrinsic 
remediation 

b) Extraction, treatment 
1) Air or steam stripping, 

discharge to POTW 
2) Carbon adsorption, discharge to 

POTW 

Benzo(a)pyrene a) No action 
b) Excavation, if nonhazardous, 

landfill or ex-situ treatment, 
oflionsite disposal 
1 )  Thermal desorption 
2) Bioremediation 

C) In-situ bioremediation 

*AOC 667-Soil TPH a) No action 
(Includes SWMU 138) b) Excavation, if nonbazardws 

kndfill or ex-situ treatment 
offlonsite disposal 
1) T h e m 1  desorption 
2) Bioremediation 

cf In-situ bioremediation 

Notes: 
* = Site contains TPH 
POTW = Publicly Owned Treatment Works 
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Table 8.2 
RemovaUContainment/Disposal Options 

Action Soil Leachate Sediment Surface Water A u  

Removal Excavation Groundwater extraction Dredging Divanion NIA 
Leachate collection Pumping 

Containment Institutional controls Slurry wall Bermstdiversion Diversion 
Capping Gradient controls Storm water controls 
Storm water controls Long-term monitoring 
Long-term monitoring Inlrinsic (natural) 
Intrinsic (natural) bjorernediation/atlenualion 
bioremediationlattenuation 

Disposal Landfill POTW Landfill POTW Discharge via air 
NPDES discharge NPDES permit 
Land applicalion Injection 

Notc~: 
WTW = Publsly Owned Treatment Works 
NPDES = National Pollutant Discharge Elimination System 
NIA = Not Applicable 
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Table 8 3  
Treatment Technology Options 

Contaminant Groundwnterl 
Type soil Leachate Sediment Air 

Chlorinated Soil washina Chemical oxidation Same as soil Oxidation - 
volatiles fnciration Bioremediation 

Thermal desorption Adsorption 
Air stripping 

Bioremediation 
Wlozone oxidation 

Nonchlorinated Soil washing Oxidation Same as soil Adsorption 
volatiles Incineration Bioremediation Oxidation 

Thermal desorption Adsorption 
SVE Air stripping 
Bioremediation 
Steam extraction 

Chlorinated Soil washing Oxidation Same as sail 
semivolatiles Bioremediation Bioremediation 

Incineration Air stripping 
Thennal desorption 
Soliditication/stabiluation 

Adsorption 
Oxidation 

Nonchlorinated Soil washing Oxidation Same as soil Oxidation 
semivolatiles hcineration Bioremediation Adsorption 

Thermal desorption Sorption 
Bioremediation 
Solidificationlstabilization 

Pesticides! hlidifmtion/srabilization Oxidation 
Herbicides Soil washing Bioremediation 

Bioremediiition Sorption 
Incineration 
T h e m i  desorption 

PCBs Solidificationlstabilization Oxidation 
Soil washing Dehalogenation 
Dehalogenation 
Incineration Incineration 
Thermal desorption Solidification 

Same as soil Oxidation 

Solvent extraction Oxidation 
Dehalogenation 
Solidificationlstabilization 

Dioxins kineration Oxidation Same as soil Oxidation 
SoIidificationlstabiliza tion 

Inorganics S~lidificationlstabilization Chemical precipitation Same as soil Filtration 
Soil washing Adsorption Scrubbers 

Sedimentation Adsorption 
Filtration 

Note: 
SVE = Soil Vapor Extraction 
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8.5.2 Description of Prescreened Technologies 

The following paragraphs describes of technologies that appear to be the most feasible for the 

initial CMSs. These technologies are divided into four categories: in-situ soil, ex-situ soil, 

in-situ groundwater, and ex-situ groundwater. 

In-Situ Sail 

Capping of Landf& 

A layer of either clay, synthetic membrane, soilfvegetative cover, or asphalt is applied to prevent 

human exposure to contaminants. Capping also helps to prevent rainwater infiltration and water 

percolation, which may transport contaminants from the soil to the groundwater. Since 

SWMU 9 already is a landfill, it may be feasible to cap it in order to prevent humans from being 

exposed to the COCs. This solution may be the most economical and most protective of human 

health. 

Bioremediation 

This technology uses microorganisms to biologically oxidize contaminants into harmless 

chemicals such as carbon dioxide and water. The organisms can be naturally occurring or they 

can be added to the soil. In many cases, nutrients can be supplemented to enhance this process. 

Nitrate and phosphate are often the limiting nutrients at a site. However, insufficient electron 

acceptor is the greatest variable limiting bioremediation. The most common electron acceptor 

is oxygen for aerobic biodegradation. For these sites, it is likely that bioremediation via natural 

attenuation is a good candidate for some of the compounds. Typically nunchlorinated VOCs and 

SVOCs are good candidates for this technology. 
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This technology consists of mixing reagents with soil to prevent contaminants from leaching into 

the groundwater below. This technology immobilizes contaminants, preventing migration. 

However, this technology does not remove the contaminant. 

E x - S h  Treatment of Soil 

All ex-situ soil treatments require excavation to another location or at least bringing the material 

to the surface. Typically heavy equipment is used to move the soil. If contaminated soil is 

limited in volume and considered nonhazardous, it may be feasible to dispose of it in a landfill. 

If sites have a limited area of contaminated soil, it may be feasible to remove the soil with heavy 

equipment and treat it ex-situ or, if nonhazardous, it could be disposed in the SWMU 9 landfill. 

Soil Washing 

Soil washing physically separates soil particles by size, then treats the smaller grains with 

solutions which desorb the contaminants. The resulting solution containing contaminants is 

treated by another technology. In general, small soil particles such as clay and silt have a higher 

TOC, content which tends to absorb hydrophobic compounds such as chlorinated contaminants. 

Essentially the technology compacts soil that is contaminated, then washes it with a solvent to 

remove the contaminants. 

Thermal Desorption 

Thermal desorption technologies are performed at high or low temperatures, depending on the 

contaminant. This technology is used in combination with incineration or some other type of 

offgas treatment. Soil is excavated and put in the treatment systems for both high- and 

low-temperature desorption to separate the contaminants from the soil, not to destroy the 

chemical. The volatilized contaminants enter an air stream and travel to some type of gas 

treatment for the contaminant destruction. Low-temperature ( 2 0  to 600°F) thermal desorption 
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(LTTD) is only applicable for VOCs while high-temperature (600 to 1000°F) thermal desorption 

(HTTD) applies to SVOCs, P M s ,  PCBs, and pesticides. 

Thermal Destruction/Incheration 

This technology is used in conjunction with ex-situ soil technologies. Typically the contaminant 

is removed from the soil matrix and transferred to an air stream. The air stream is treated with 

the thermal destruction on a catalyst or burned in an incinerator, or a combination of the two. 

High temperatures (1800 to 2000°F) are required to destroy organics such as PCBs, dioxins, 

furam, pesticides, and others. 

Solidification/Stabilization 

This technology is similar to the in-situ methods; however, the soil is first excavated before 

being mixed with the chemical reagents or concrete. 

In-Sifu Groundwder Deufment 

Bioremediation 

Bioremediating contaminants in groundwater involves adding nutrients (phosphate, nitrate, etc.) 

and an electron acceptor (i.e., oxygen, nitrate, etc.) to the groundwater via injection wells. The 

most typical electron acceptor addition comes from either oxygen via air sparging, andtor nitrate 

with the addition of other nutrients. 

Intrinsic Remediation 

This technology, also called natural attenuation, simply allows natural occurring bioremediation, 

oxidation, hydrolysis, dispersion, and advection to occur unassisted. No nutrients or electron 

acceptors are added to the site. The site may be monitored to observe the contaminant 

reduction. Many case studies have demonstrated this technology on TPH contaminated sites. 
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Ex-Sihr Reatment of Groundwater 

Any ex-situ treatment of groundwater requires a system of extraction wells and pumps to deliver 

the groundwater to the treatment location. 

Chemical Precipitation 

The solubility of many metals is a function of pH. As a result, chemical agents can added to 

change the pH of the water, which results in the metals becoming insoluble. In other cases a 

chemical can be added to chelate the metal and precipitate it out of the solution. Either way, 

the contaminants then can be removed by filtering. 

Air Stripping 

Groundwater can be extracted from the subsurface and pumped to a nearby publicly owned 

treatment works (POTW). While the contaminated groundwater is in the aeration basin of the 

water treatment plant, the volatile compounds (compounds with a high Henry's law constant) 

will experience mass transfer from the water to the air. Steam can be used to heat the 

groundwater, causing organics to volatize. These air vapors can be treated with an appropriate 

technology or fall under an allowed air permit discharge. 

Chemical OxidationiUV-Ozone 

Ozone is one of the strongest chemical oxidizers. Almost any organic compound can be 

oxidized. Ozone can be generated with UV light sources. Water can pass through a flowstream 

surrounded by W lights. Oxygen in the water is converted to ozone and the organics are 

oxidized into h d e s s  by-products. Compounds that typically are recalcitrant to biological 

oxidation, such as chlorinated organics, can easily be oxidized with ozone. Good light 

transmission is essential; therefore, very turbid water is not a good candidate for UV ozonation, 
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Activated Sludge 

Activated sludge treatment of wastes occurs in a wastewater treatment plant. The activated 

sludge process uses microorganisms to convert organic wastes to inorganic wastes and/or 

bacterial cell mass, carbon dioxide and water. 

8.5.3 Screening Criteria 

When more than one technology applies to a specific site, it is necessary to evaluate their 

limitations to show why certain CMS technologies may prove infeasible to implement given 

existing waste- and site-specific conditions. Therefore, for each technology, the following 

criteria will be discussed: 

Site characteristics 

Waste characteristics 

Technology limitations 

Site Characteristics 

Site characteristics define the site and any constraints that may impact selecting and 

implementing remedial technologies. Characteristics to be considered include primarily the 

current and future use of the site or SWMU. Other characteristics include type of contaminated 

media, areal distribution of contamination, and depth to/of contamination. Current migration 

pathways and the potential for intrinsic remediation will also be considered. Once again, each 

site may have one or two technology lists which will be evaluated for residential and Base 

Realignment and Closure Act (BRAC)-specified future uses. 

Waste Characteristics 

Waste characteristics define the nature of contamination. The primary waste characteristic to 

be considered is the general type of contamination - volatiles, semivolatiles, 
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pesticidesherbicides, PCBs, dioxins, inorganic compounds, and TPH. Also critical is the 

presence of halogenated compounds, such as chlorinated benzenes or trichloroethylene. 

Where multiple types of contamination are present (such as PCBs and dioxins, or- pesticides and 

volatiles), certain technologies may be eliminated from consideration due to inability to treat 

wastes effectively. For example, soil vapor extraction (SVE) typically is not used on pesticide 

sites, although it is very effective on most volatiles. If both contaminants must be treated 

concurrently, SVE would not be considered further. 

Where appropriate, contaminant concentrations will be considered to screen remedial 

technologies. 

Technology Limitations 

Technology limitations are used to assess the implementation feasibility of a particular 

technology. Technology limitations may include technical restrictions on application, including 

presence of a shallow water table, depth to bedrock, etc. Additional technology limitations 

include minimum or maximum process volumes, such as technologies which are cost-effective 

only when contaminated soil volumes are greater than 1,000 cubic yards. Other limitations to 

be assessed include effectiveness in meeting treatment goals and remedial time frame. 

Technologies meeting this screening criterion may differ from residential to BRAC-specified use 

scenarios due to differences in cleanup goals for each scenario. 

8.6 Identification of Corrective Measure Alternatives 

Once specific remedial technologies are identified for the site, they will be assembled into 

specific alternatives that may meet the corrective action objectives for all media. Each 

alternative may consist of an individual technology or a combination of technologies used in 
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sequence (i.e., treatment train). Depending upon site-specific simations, different alternatives 

may be considered for separate areas of the facility. 

Less complex sites may be relatively straightforward and may only require evaluating a single 

or a few alternatives. Because the NAVBASE CMS will evaluate both residential and 

BRAC-specified future uses, two sets of alternatives may be developed for each site. 

8.7 Evaluation of Corrective Measure Alternatives 

Each alternative proposed (including single proposed alternatives) will be evaluated according 

to five standards reflecting the major technical components of remedies, including cleanup of 

releases, source control, and management of wastes that are generated by remedial activities. 

The specific standards are provided as follows. 

Protect human health and the environment. 

Attain media cleanup standards set by the implementing agency. 

Control the source of releases so as to reduce or eliminate, to the extent practical, 

further releases that may threaten human health and the environment. 

Comply with any applicable standards for managing wastes. 

Consider other factors. 

These standards are discussed in more detail in the following sections. 
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8.7.1 Protect Human Health and the Environment 

Corrective action remedies must be protective of human health and the environment. The degree 

of protection afforded by each alternative will be discussed in this section. 

Remedies may also include those measures that are needed to be protective, but are not directly 

related to media cleanup, source control, or waste management. For example, access controls 

and deed restrictions may be implemented to prevent contact with contaminated media while 

intrinsic remediation or attenuation processes are monitored or augmented. This section will 

discuss any short-term remedies implemented to meet this standard, 

8.7.2 Attain Media Cleanup Standards Set by the Implementing Agency 

Each alternative will be evaluated as to whether the potential remedy will achieve the 

remediation objective. This evaluation will estimate the time frame necessary for each 

alternative to meet these standards. The selected remedy will be required to attain media 

cleanup standards set by the implementing agency, which may be derived from current state or 

federal regulations or other standards. The media cleanup standard will often play a large part 

in determining the extent of and technical approaches to the remedy. In some cases, the 

practical capabilities of remedial technologies (or other technical aspects of the remedy) may 

influence to some degree the media cIeanup standards that are established. 

8.7.3 Control the Sources of Releases 

As part of the CMS report, source control measures will be evaluated to determine if they are 

necessary to control or eliminate further releases that may threaten human health or the 

environment. If a source control measure is proposed, it will include a discussion on how well 

the method is expected to work, given site conditions and the known reliability of the selected 

technology. 
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Source control measures will be considered when it is necessary to stop further environmental 

degradation by controlling or eliminating further releases that may threaten human health or the 

environment. In some cases, without source control measures, efforts to clean-up releases may 

be ineffective or (at best) will essentially involve a perpetual cleanup. In these cases, an 

effective source control program may be essential to ensure the long-term effectiveness and 

protectiveness of the corrective action program. Source control measures may include all 

protective remedies to control the source. Such remedies may include partial waste removal, 

capping, slurry walls, in-situ treatment andtor stabilization, and consolidation. 

8.7.4 Comply with Any Applicable Standards for Management of Wastes 

Each alternative will discuss how the specific waste management activities will comply with all 

applicable state or federal regulations, such as closure requirements, land disposal restrictions, 

etc . 

8.7.5 Other Factors 

Five general factors will be considered in selecting/approving a remedy that meets the four 

standards listed above. These factors combine technical measures and management controls to 

address the environmental problems at the facility. The five general decision factors include: 

Long-term reliability and effectiveness 

Reduction in the toxicity, mobility, or volume of wastes 

Short-term effectiveness 

Implementability 

Cost 

These factors are discussed in detail as follows. 
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Long-Term Reliability and Effectiveness 

The CMS will evaluate. whether the technology or a combination of technologies has been used 

effectively under similar site conditions, whether failure of any one technology in the alternative 

would have'an immediate impact on receptors, and whether the alternative would have the 

flexibility to deal with uncontrollable changes onsite. 

This criterion will assess the proposed useful life of the overall alternative and of its component 

technologies. Useful life is defined as the length of time the level of effectiveness can be 

maintained. Typically, most corrective measure technologies deteriorate with time. 

Deterioration can often be slowed through proper system operation and maintenance, but the 

technology may eventually require replacement to maintain effectiveness. The CMS will 

consider these issues. 

Reduction in the Toxicity, Mobility, or Volume of Wastes 

This criterion will be used to assess the degree to which each alternative reduces the toxicity, 

mobility, or volume of wastes. In general, preferred remedies employ treatment and are capable 

of eliminating (or substantially reducing) the potential for contaminated media to cause future 

environmental releases or other risks to human health and the environment. Estimates of how 

much the corrective measure alternatives will reduce the waste toxicity, mobility, or volume may 

help in assessing this criterion. 

In some situations, reducing toxicity, mobility, or volume may not be practical or even 

desirable. For example, large municipal-type 1andWIls or unexploded munitions may be 

extremely dangerous to handle. In these situations, the short-term risks of treatment outweigh 

the potential long-term benefits. 
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Short-Term Effectiveness 

The short-term effectiveness of each altemative will be assessed, including: the potential for fire, 

explosion, and exposure to hazardous substances; as well as threats associated with treatment, 

excavation, transportation, and re-disposal or containment of waste material. This criterion is 

important in densely populated areas and where waste characteristics are such that risks to 

workers or to the environment are high and special protective measures are needed. 

Implementability 

Each alternative will be evaluated to assess any potential impacts on the time required to 

implement a given remedy. Information to consider for implementability includes: 

The administrative activities needed to implement the corrective measure alternative 

(e.g., permits, rights-of-way, offsite approvals, etc.) and the length of time these 

activities will take. 

The constructability, time for implementation, and time for beneficial results. 

The availability of adequate offsite treatment, storage capacity, disposal services, needed 

technical services, and materials. 

The availability of prospective technologies for each corrective measure alternative. 

Cost 

The CMS will consider the relative cost for each remedy. This criterion is especially useful 

when several technologies offer the same degree of protection to human health and the 

environment but vary widely in cost. Cost estimates will include: engineering, site preparation, 

construction, materials, labor, samplinglanalysis, waste management/disposal, permitting, health 

and safety measures, training, operations and maintenance, etc . 
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8.8 Ranking the Corrective Measure Alternatives 

Once corrective .measures have been discussed for each site using each applicable scenario 

(residential andlor BRAC-specified future use), alternatives under each will be ranked in order 

of desirability. The ranking system will apply a weighting factor selected by the Navy to 

determine the importance of each corrective measure criterion. The weighting factors will be 

developed by the Navy during CMS. Table 8.4 shows the format of the ranking system. 

The example presented in Table 8.4 considers a hypothetical site which has contaminated soil 

with relatively high (10 to 1,000 ppm) concentrations of PAHs. Three alternatives were 

developed: excavation and disposal in a permitted landfill, excavation and thermal treatment, and 

capping in-situ, The purpose of this example is to show the format and nature of comparisons. 

Once weighting factors are selected, the rankings are set by multiplying the criteria values by 

the weighting factor. The weighted criteria values are then summed. Alternatives are ranked 

in order with the highest total being most preferable, and the lowest total being least preferable. 

Public participation and comment is an instrumental part of the RCRA Corrective Action 

Process. The ranked alternatives are presented to the public by way of the Restoration Advisory 

Board during the public meetings process. Public input is actively requested and can become 

an important factor during the selection of the corrective action alternative by the permitting 

authority. 
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9.0 CONCLUSIONS 

The following section includes a summary of the geologic and hydrogeologic components of the 

Zone H RFI and site-specific summaries. Sections 9.1 through 9.22 contain site-specific 

summaries of site history, the human health risk assessment, ecological risk assessment, 

contaminant fate and transport assessment, and CMS recommendations. Section 9.23 

summarizes recommendations for the Zone H RFI. 

The geology of the Zone H area consists of differentiated fine-grained sedimentary deposits 

extending from ground surface to the total depth of investigation (approximately 80 feet bgs). 

The stratigraphic sequence of these sediments generally consists of a primarily sandy layer at 

the surface which extends to approximately 10 to 12 feet bgs. This upper sand is underlain by 

a relatively uniform layer of marsh clay that is generally 15 to 30 feet thick. Underlying the 

marsh clay is a lower sand layer that averages 10 to 15 feet in thickness. The Ashley Formation 

of the Cooper Group, a tight, calcareous silty clay, was encountered in all deep borings and is 

thought to be present throughout Zone H at approximately 30 to 80 feet bgs. 

The stratigraphic sequence overlying the Ashley Formation comprises the shallow aquifer 

system. The upper sand of this stratigraphic sequence is a relatively transmissive zone in which 

groundwater flows from a high groundwater level surface within the interior of Zone H 

southward and westward toward Shipyard Creek or northward and eastward toward 

Cooper River. The lower sand of the typical stratigraphic sequence overlying the Ashley 

Formation is also a relatively transmissive zone in which groundwater flow is from the interior 

of Zone H toward Shipyard Creek and Cooper River. Due to the relatively consistent thickness 

and lithology of the marsh clay which separates the upper and lower sand in Zone H, minimal 

hydrologic communication is expected between the two sands. Potential for groundwater 

contamination of the lower sand in the shallow aquifer due to padpresent activities in Zone H 

is expected to be minimal due to the presence of the marsh clay. Analysis of samples collected 
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from both the upper and lower sand units indicates that groundwater salinity concentrations 

frequently exceed a level indicative of tidal salt waters. 

Tidal influence investigations identified only minor fluctuations in groundwater levels attributable 

to tides. Generally, wells exhibiting the greatest water level change due to tidal influence were 

close to either Shipyard Creek or Cooper River. Within the interior of Zone H, fluctuation in 

groundwater levels that were attributable to tidal influence were minimal or not discernible. 

Within Zone H, the tidal influence investigation did not identify fluctuations in groundwater 

levels expected to be capable of directing the migration of contaminants in groundwater in any 

direction other than that of the natural groundwater flow gradient. 

Each surface soil sample location within Zone H was assessed with respect to human health 

risk/hazard presented by constituents at that location. Figures 9.1 and 9.2 provide a zone-wide 

presentation of risk and hazard considering a residential scenario. Figures 9.3 and 9.4 provide 

a zone-wide presentation of risk and hazard considering an industrial scenario. Colors are used 

to represent the magnitude of risWhazard at each sample location or the absence of risWhazard 

relative to the analyses conducted. Site-specific risWhazard maps are provided for sites with risk 

greater than 1E-6 or a hazard quotient greater than 1 for either the residential or industrial 

scenario in the site-specific Section 9 subsections. Contours, which outline individual sampling 

points presenting similar degrees of riswhazard, are provided on site-specific maps where 

technically justified. These contours are intended to outline potential problem areas and may 

or may not define areas where remedial action is necessary. The magnitude of risk at each site 

is not necessarily reflective of a single compound; instead, it represents a summation of risk 

which is often based on multiple compounds. Appendix Q provides a sample-by-sample list of 

risk and/or hazard for each sample at each site that had significant risk/hazard. This list also 

provides analytical results for each site COC for each sample lociition. Site-specific maps are 

provided at the end of each subsection. 
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Potential risks for ecological receptors were evaluated for ECPCs in surface soil, surface water, 

sediment at Zone H. Risks associated with exposure to ECPCs in surface soil were evaluated 

for terrestrial wildlife based on a model that predicts the amount of contaminant exposure via 

the diet and incidental ingestion of soil. Comparison of predicted doses for representative 

wildlife species with doses representing thresholds for both lethal and sublethal effects is the 

basis of the risk evaluation. Risks for soil invertebrates and plants were evaluated based on 

qualitative comparisons to literature effects-levels for taxonomic groups similar to those 

potentially occurring at Zone H. Risks for aquatic organisms were evaluated by calculating 

hazard quotients from benchmark values that are either promulgated or proposed by federal and 

state regulatory agencies. 

Second-interval samples collected during the Zone H RFI have been assessed with respect to 

groundwater protection and this information is summarized in the fate and transport portion of 

each of the following subsections. Second-interval sample data is also included in the extent of 

COC contamination text provided in the following subsections, 

Figures 9.5 and 9.6 identify the locations of TPH detections. These maps are color-coded with 

respect to the magnitude of TPH detected at each sample location where TPH was an analytical 

parameter. Site-specific TPH maps are provided for those sites that did not have sufficient risk 

or hazard to result in their recommended inclusion into the CMS process, but where TPH was 

detected at concentrations exceeding the TPH screening level. 

Maps identifying the most critical points of groundwater contamination within Zone H are 

provided in Section 6 (Figures 6.2.1.1 through 6.2.1.10, 6.2.4.1, and 6.2.4.2). 
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9.1 SWMU 9 (Includes Groundwater for SWMUs 19,20, and 121, and AOCs 649,650, 
651, and 654) 

SWMU 9 is a closed landfill at the southern end of NAVBASE that is generally bounded by 

Shipyard Creek to the southwest, Bainbridge Avenue to the northeast, and Holland Street to the 

southeast. Seven additional sites were investigated concurrently with SWMU 9 during the RFI 

because they were physically within the landfill perimeter. These sites include SWMU 19, a 

solid waste transfer station currently in operation; SWMU 20, a waste disposal area which 

appears to have been used for disposal of industrial type materials; SWMU 121, a former 

satellite accumulation area now associated with a recycling operation; AOC 654, the location of 

a former septic tank disposal system; and AOCs 649, 650, and 651, which are areas formerly 

used to store ship repair supplies. 

Groundwater sampling was conducted throughout the SWMU 9 area in order to identify the 

presence or absence of groundwater contamination associated with SWMU 9 and its associated 

sites. Trench sampling was conducted to identify the types and typical concentrations of 

contaminants associated with waste materials disposed of in the landfill. 

The boundary of SWMU 9 (defined as the filled area) was delineated through the use of a 

geophysical survey, review of historical aerial photographs, and with borings used for the 

installation of wells during the investigation. The boundary is presented in Figure 4.1.1. The 

landfill boundary is well defined with the exception of the area that extends slightly north of 

Bainbridge Avenue. Aerial photos and the geophysical survey indicate that this area was 

disturbed during the development of the landfill; however, borings drilled for well installations 

along Bainbridge Avenue did not encounter any landfill type debris. Instead, the area appears 

to have been filled with soil and sediment. The landfill comprises two relatively distinct areas. 

Generally, to the southeast of Least Tern Lane, the landfill is filled primarily with industrial and 

domestic waste. To the northwest of Least Tern Lane, the landfill appears to contain primarily 
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construction type debris. A significant observation made during the trenching activities was that 

the landfill is not covered by a low permeability cap, 

SWMU 9 shallow and deep groundwater were evaluated separately for human health risk 

assessment purposes. In the shallow groundwater, the future site resident risk (ingestion and 

inhalation pathways) was estimated at 1E-1 and 2E-3 based on first and second-quarter data, 

respectively. Corresponding future site worker risk projections were 3E-2 and 7E-4. The 

primary change between first and second-quarter monitoring events was the disappearance of 

benzidine which was the primary contributor to first-quarter risk projections. Hazard indices 

for the future resident child were calculated as 22 and 11 for first and second-quarter. 

Corresponding site worker hazard indices were 4 and 3. The primary risk and hazard 

contributing COCs in the shallow aquifer included chlorinated benzenes (mono-, di- and 

tri-substituted), chlorinated alkaneslalkenes, arsenic, alkylphenols, aromatic hydrocarbons, and 

antimony. 2,3,7,8-TCDD equivalents were also detected in first-quarter shallow groundwater 

samples. Consideration of third and fourth-quarter results for dioxins will serve to confirm or 

refute their presence. Furthermore, the maximum 2,3,7,8-TCDD equivalent concentration 

reported in shallow groundwater does not exceed the MCL (3E-8 mg/L). 

Deep groundwater at SWMU 9 was evaluated in the same manner as shallow. The computed 

site resident carcinogenic risk was 4E-6 for first-quarter and not applicable for second-quarter. 

The future site worker ILCRs based on deep groundwater was 9E-7 for first-quarter. No 

carcinogenic COCs were identified in second-quarter sampling relative to nonresidential 

receptors. The site resident hazard indices for the respective quarterly sampling events were 138 

and 17. Site worker hazard indices were computed as 21 and 3, respectively. Chloroform was 

the sole ILCR contributor for first-quarter, and was not detected during second-quarter sampling. 

Thallium, also absent in second-quarter samples, was the primary contributor to first-quarter 

hazard. Manganese was the sole hazard-based deep groundwater COC detected in 

second-quarter samples, and its second quarter samples, and its absence from the list of shallow 
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groundwater COCs suggests that concentrations observed are representative of naturally 

occurring levels. 

Other media (sediment and surface water) were sampled as part of RFI activities at individual 

SWMUs/AOCs within combined SWMU 9, and are discussed separately in subsequent sections. 

SWMU 9 groundwater (shallow and deep) is proposed for inclusion in the CMS due to the 

projected risk and hazard under hypothetical residential and industrial use scenarios. Shallow 

groundwater impacts are, however, somewhat localized in nature owing to the source type 

(heterogeneous landfill refuselwaste). Deep groundwater was, initially, found to be impacted 

(1st quarter), with risk and hazard projections exceeding the most stringent risk goals and hazard 

thresholds. Second-quarter deep groundwater results (and significantly lower associated 

risWhazard projections) indicate; however, that consideration should be given to third and 

fourth-quarter results prior to risk management decision-making. 

The source of groundwater contamination detected in the SWMU 20 area of SWMU 9 has not 

been determined. Soil sampling efforts focused on the vadose zone above the areas of highest 

groundwater contamination did not identify the presence of contaminants similar to those found 

in groundwater. Extensive regrading of the site in recent years may have removed and/or 

redistributed the source material in such a manner that it is no longer present or detectable. 

In addition, SWMU 20 is geographically within the estimated SWMU 9 boundary and therefore 

will be evaluated during the SWMU 9 CMS process. 
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SWMU 9 was included in the ERA for subzone H-1. Based on surface soil samples collected 

throughout H- 1 (which includes SWMUs 19 and 20, and AOCs 649, 650, and 65 I), the primil~y 

ecological risk to infaunal and terrestrial wildlife and vegetation is from inorganic constituents 

(particularly mercury, zinc, and copper) and low but widespread PAW compounds (See 

Figures 7.4, 7.5, 7.6, and 7.7). Sediment samples collected from the headwaters of 

Shipyard Creek in H-1 indicated a risk to aquatic receptors from organic constituents more so 

than inorganic. 

SWMU 9 is proposed for inclusion in the CMS due to projected soil pathway risWhazard at 

SWMUs 19, 20, 121 and AOCs 649, 650, and 651. Shallow groundwater risk and hazard also 

exceeded the most stringent risk goals and hazard thresholds. Shallow groundwater impacts are, 

however, somewhat localized owing to the source type (heterogenous landfill refuselwaste). 

Deep groundwater was found to be impacted and risk and hazard projections exceeded the most 

stringent risk goals and hazard thresholds. Second-quarter deep groundwater results indicate that 

consideration should be given to third and fourth-quarter analytical results prior to risk 

management decision-making. Table 9.1 summarizes human health risk assessment results. 

Figures 6.2.1.1 through 6.2.1.10 illustrate the distribution of risk in groundwater at SWMU 9. 

To evaluate fate and transport, constituents detected in SWMU 9 groundwater were compared 

to the constituents detected in soil samples from SWMUs 19, 20, and 121, and AOCs 649, 650, 

65 1, and 654. Maximum concentrations in groundwater and soil were compared to relevant fate 

and transport screening criteria to highlight potential migration pathways. The fate and transport 

screening process for SWMU 9 produced a list of nine constituents that were present above their 

fate and transport screening criteria in both soil and groundwater: benzene, chlorobenzene, 

methylene chloride, trichloroethene, barium, chromium, copper, lead, and vanadium. Shallow 

groundwater migration is a slow process in Zone H due to low hydraulic gradients. This point 

was illustrated with travel time analysis which estimated the quickest travel time of 20 years for 
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benzene to migrate in groundwater from monitoring well NBCH009014 to Shipyard Creek. For 

the constituents listed above, sorption (barium, chromium, copper, lead, and vanadium) and 

biodegradation/volatilization and/or retardation (benzene, chlorobenzene, methylene chloride, 

and trichloroethene) are likely to be the dominant processes affecting fate and transport rather 

than groundwater migration. 

Each SWMU and AOC in the SWMU 9 area was also evaluated separately to provide a focused 

assessment of the soil-to-groundwater migration pathway. Constituents were identified for 

SWMU 19 (barium, benzene, and chlorobenzene), SWMU 121 (barium, copper, lead, and 

vanadium), and AOCs 649 and 650 (barium and lead) as soil-to-groundwater migration concerns 

based on soil concentrations and detections in downgradient monitoring wells. No constituents 

were identified as soil-to-groundwater migration concerns for SWMU 20 or AOC 654. 

Evaluation of the soil-to-air migration pathway identified a single surface soil sample with 

1 , 1 -dichloroethene concentrations (0.063 mglkg) above the screening level (0.04 mg/kg). Due 

to the severely limited extent of surface soil impacts, impacts to ambient air, related to 

1,l-dichloroethene volatilizing from surface soil are highly unlikely to exceed acceptable 

risk-based air concentrations. 

Qualitative evaluation of the surface soil to sediment migration pathway provided evidence that 

erosion is a significant process for SWMUs 19, 20, and 121, and AOC 654. Many constituents 

detected in surface soil were also detected in sediment. This migration pathway is significant 

in terms of ecological hipacts to adjacent wetlands and potential ecological receptors. 
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Table 9.1 
Zone H Conclusion Summary 

SWMU 9 

Unacceptable R;lsks for Buman 
b l t h  in Residenth1 Scenario (YM) Chemicals Driving Risk 

Surface Soil 

Shallow Groundwater 

Deep Groundwater 

SWMU 19, SWMU 20, 
SWMU 121, and 
AOC 649, AOC 650, AOC 651, and 
AOC 654 (See Individual Site 
Discussions 

Yes 
ILCR 1E-112E-3 
HI=22/11 
(FirstISecond-quarter) 

Yes 
ILCR 4E-6/NA 
HI= 138117 

Benzidine, Chlorinated 
Benzenes, Chlorinated Alkanes1 
Alkenes, Arsenic, Dioxins, 
Alkylphenols, Aromatics, 
Antimony 

T1, Chloroform, Mn 

Above Levels of Coneern (YM) Total TEQ (ppb) 

Dioxin in Surface Soil No (All SWMUslAOCs) 0.716-195.37 pglg 2,3,7,8- 
TCDD equivalents 

Dioxin in Shallow Groundwater Yes 1.585-2.798 pg/L 
2,3,7,8-TCDD equivalents 

Dioxin in Deep Groundwater None reported NA 

TPH Present at Cancentratiorrs Maximum Detected 
> 100 Ppm (YflY) Concentration (ppm) 

Soil See Individual SWMUlAOC 
Discussions 

Note: 
NA = Not Applicable 
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9.3 Combined SWMU 14 (Includes SWMUs 14 and IS and AOCs 670 and 684) 

SWMU 14 is an abandoned chemical disposal area where miscellaneous chemicals and warfare 

decontaminating agents and possibly industrial wastes were buried. SWMU 15 is the site of a 

former propane-fired incinerator reportedly used to destroy classified documents. Only the 

concrete slab and concrete propane tank saddles remain. AOC 670 is a former outdoor trap and 

skeet range operated from 1960 until the late 1970s. Lead shot and clay targets were not 

recovered during the operation of this facility. AOC 684 is a former outdoor pistol range in 

operation from the early 1960s until 1981. Firearms were discharged into a soil berm, from 

which no recovery' was made of the spent ammunition. The area of combined SWMU 14 

encompasses the areas of SWMU 15 and AOCs 670 and 684. 

A 1992 geophysical and soil-gas investigation (E/A&H, 1994C) investigated the presence of 

buried containers andlor contaminant plumes in the SWMU 14 area, Portions of the sampling 

pattern were based on geophysical anomalies identified during the geophysical survey. 

Soil and groundwater sampling were sampled during the RFI to identify the presence or absence 

of contamination resulting from the disposal of chemicals and other wastes in the SWMU 14 

area and residual contamination from the discharge of firearms in the vicinity. 

Canisters of decontaminating agents and other items reportedly buried in the SWMU 14 area 

were never found during the RFI and the chemical data for soil and groundwater samples 

collected in the area did not suggest that a release had occurred. However, recent interim 

measures activities resulted in the excavation of a number of the canisters. Results of the 

interim measures will be presented in a report prepared by the environmental detachment. 

Most of the significant contamination detected in soil samples collected during the RFI at 

SWMU 14 was apparently related to the former incinerator (SWMU 15) and the former skeet 

range (AOC 670). 
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Four separate soil matrix investigations were conducted as part of the combined SWMU 14 RFI. 

Each is discussed separately below. Figures 9.9 and 9.10 illustrate risk and hazard in the 

residential scenario for the Combined SWMU 14 sampling area. Figure 9.11 illustrates hazard 

considering a residential scenario. Due to lack of significant hazard under the industrial 

scenario, an industrial hazard map was not prepared. 

Figure 9.9 illustrates the distribution of risk considering a residential scenario at SWMU 14. 

Seven limited areas (based on individual sampling point results) were determined to pose a 

potential risk above 1E-4. The distribution of these seven areas does not appear to fit any 

particular pattern. The majority of the combined SWMU 14 area is within the area which 

presents risk in the 1E-5 to 1E-4 range. 

Figure 9.10 illustrates the distribution of risk considering an industrial scenario at SWMU 14. 

Results from only one sample location correlated with projected risk above 1E-4 (684SB035). 

Seven areas exhibited risk in the range of 1E-5 to 1E-4. These areas were approximately the 

same as the 1E-4 areas identified in the residential scenario. The majority of the SWMU 14 

area exhibited risk in the 1E-6 to 1E-5 range. 

Figure 9.11 illustrates the distribution of hazard considering a residential scenario at SWMU 14. 

One sample location (670SB023) exhibited hazard at a HI of 3.0 to 10.0. Four other areas 

exhibited hazard in the HI range of 0.1 to 1 .O. 

Due to lack of significant hazard in the industrial scenario at SWMU 14, no industrial hazard 

map was produced. 

Shallow and deep groundwater, as well as sediment and surface water, were also sampled at 

Combined SWMU 14. Table 9.3 summarizes human health risk assessment results. 
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TPH contamination, as evidenced by soil sample results, is present in the Combined SWMU 14 

area at concentrations exceeding the screening level (Figure 9.5 and 9.6). The area exhibiting 

the highest TPH contamination was approximately 50 feet to 150 feet south of Building 1984. 

This "hot spot" is encircled by sample data points with significantly lower or nondetect TPH 

concentrations. 

These sites were included in the ERA for subzone H-3. Based on surface soil samples collected 

throughout H-3, the primary ecological risk to infaunal and terrestrial organisms is from 

inorganic constituents (lead and arsenic) and low but widespread concentrations of BEQ 

compounds (Figures 7.1  1 and 7.12). 

SWMU 14 

Six COCs were identified in the samples collected from the SWMU 14 portion of the Combined 

SWMU 14 sampling area: 1,2,3-trichloropropane, BEQ, aluminum, arsenic, beryllium, and 

vanadium. 

Trichloropropane was detected at 91.2 pglkg at sample location 014SBOO8. This concentration 

did not exceed the RBSL for this compound; however, the concentration did exceed the soil-to- 

air volatilization screening Ievel and as a result is considered a site COC. No trichloropropane 

was detected in the second-interval samples at the SWMU 14 subarea. Due to the severely 

limited extent of surface soil impacts, impacts to ambient air, related to trichloropropane 

volatilizing from surface soil are highly unlikely to exceed acceptable risk-based air 

concentrations. 

BEQ concentrations of PAH were identified in the SWMU 14 sampling subarea. The RBSL for 

BAP was exceeded at only one sample location (014SB106). No BEQ concentrations were 

detected in the second-interval soil samples at RBSL-exceeding concentrations. 
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Aluminum was only analyzed at three locations within the SWMU 14 portion of the Combined 

SWMU 14 sampling area. One of these locations (014SB010) contained aluminum over its 

respective RBSL and UTL. Aluminum was included in the SW-846 group of metals but not in 

the Appendix IX group of metals. The three locations in the SWMU 14 subarea with aluminum 

results were submitted for SW-846 rather than the Appendix 1X analyses. No second-interval 

samples were analyzed for aluminum at the SWMU 14 subarea. 

Arsenic was detected at two of the SWMU 14 subarea sampling locations (014SB004 and 

014SB106). The concentration for both samples was less than the RBSLIUTL for arsenic: 

however, the Wilcoxon rank sum test determined that the concentration of the site samples as 

a group were significantly higher than the corresponding group of background concentrations 

for arsenic. Arsenic was not detected in the second-interval soil samples collected in the 

SWMU 14 subarea. 

Beryllium was detected at eight of 12 SWMU 14 subarea sampling locations; however, the 

concentration of beryllium at each of these locations was less than its RBSLiUTL. As with 

arsenic, the Wilcoxon rank sum test determined that the concentrations in site samples as a group 

were significantly higher than the corresponding group of background concentrations for 

beryllium. There were no detections of beryllium at interval-specific UTL-exceeding 

concentrations in the second-interval samples collected at the SWMU 14 subarea. 

Vanadium was detected in all upper-interval SWMU 14 subarea sampling locations and in the 

majority of the second-interval samples. None of the vanadium detections were higher than the 

element's UTL; however, as with arsenic and beryllium, the Wilcoxon rank sum test determined 

that the concentration in site samples as a group were significantly higher than the corresponding 

group of background concentrations for vanadium. There were no detections of vanadium at 

interval-specific UTL-exceeding concentrations in the second-interval samples collected at the 

SWMU 14 subarea. 
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The totaI soil pathway risk for site residents and site workers was calculated as 6E-5 and 9E-6, 

respectively. The resident child hazard index was 1. Adult resident and site worker hazard 

indices were below 0.1. The primary contributors to surface soil risk were arsenic, BEQs, and 

beryllium. The primary hazard contributors were aluminum, arsenic and vanadium. SWMU 14 

surface soil is recommended for inclusion in the CMS process on the basis of projected resident 

and worker risk, potential resident child hazard, and TPH concentrations. 

SWMSJ 15 

Arsenic and BEQ were identified as COCs in the SWMU 15 portion of the Combined SWMU 14 

sampling area. 

Sample location 015SB004 contained the highest concentration (53.1 pg/kg) of arsenic in the 

SWMU 15 samples. The only other arsenic detection was at 015SB003, adjacent to the 

015SB004 sample location; however, this detection was only slightly over the UTL. No 

interval-specific UTL-exceeding concentrations of arsenic were detected in the second-interval 

samples collected in the SWMU 15 subarea. 

All BEQs for PAH detected at the SWMU 15 soil sampling subarea exceeded the RBSL for 

BAP. The highest BEQ concentration (2,028.44 pglkg) was detected at 015SB004. Other BEQ 

concentrations at the SWMU 15 sampling area were less than one-half the 015SB004 

concentration. No BEQs were detected in the second-interval soil samples from the SWMU 15 

subarea. 

The total soil pathway risk for site residents and site workers was calculated as 2E-4 and 3E-5, 

respectively. The resident child hazard index was 2. Adult resident and site worker hazard 

indices were below 0.3. The primary contributors to surface soil risk were arsenic and BEQs. 

The sole hazard contributor was arsenic. SWMU 15 surface soil is recommended for inclusion 



Final RCRA Facility Investigation Report for Zone H 
NA VBASE Charleston 
Section 9: Conclusions 
June 24, I997 

in the CMS process on the basis of projected resident and worker risk, and potential resident 

child hazard. 

AOC 670 and AOC 684 

Aluminum, antimony, thallium, beryllium, arsenic, Aroclor-1254, Aroclor-1260, and BEQ were 

identified as COCs in the AOC 670 and 684 portion of the Combined SWMU 14 sampling area. 

Aluminum was analyzed in a portion of the AOC 670 soil samples. While no single detection 

of aluminum exceeded the element's RBSL/UTL, the Wilcoxon rank sum test determined that 

the concentration of aluminum in site samples as a group were significantly higher than the 

corresponding group of background concentrations for aluminum. Aluminum was detected at 

all second-interval sample locations where analyzed. All detections of aluminum in the 

second-interval were below the interval-specific UTL for aluminum. 

Antimony was detected at 10 surface soil sample locations in the AOC 670 and 684 subareas. 

All detections were over the element's RBSL. No UTL was computed for the element due to 

low number of detections. The majority of the detections for antimony were in the north-central 

portion of the sampled area in the vicinity of 684SB018 and 684SB014; however, the highest 

antimony detection was an isolated hit at 670SB023. Antimony was detected in nine 

second-interval sample locations at somewhat lower concentrations. The second-interval 

detections were in the same general area as the surface-interval detections. No antimony was 

detected in the second-interval at 670SB023. 

Thallium was detected at seven surface soil sample locations in the AOC 670 and 684 subareas. 

Five of these detections exceeded thallium's RBSWUTL. These five locations were 684SB016, 

684SB015, 684SB026, 684SB027, and 670SB023. Thallium was detected in four of the 

second-interval soil samples collected in the AOC 670 and 684 subareas. None exceeded the 

second-interval UTL for thallium. 
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BeryIlium was identified in the AOC 684 subarea as a COC. It was detected at one 

surface-interval sample location (684SB009) at an RBSWUTL exceeding concentration. This 

detection was only slightly above the UTL. Beryllium was also detected in the majority of the 

second-interval soil samples from AOC 684; however, none of the detections were above 

beryllium's interval-specific UTL. 

Five locations within the AOC 670 and 684 subareas produced samples with concentrations of 

arsenic that exceeded its RBSLIUTL. There was no apparent pattern to the distribution of 

arsenic in this area. The majority of second-interval samples contained arsenic; however, no 

detections of arsenic were above the interval-specific UTL. 

Aroclor-1254 was detected in two samples (684SB03201 and 684SB03301) at AOC 684 where 

it was identified as a COC. The 684SB03301 sample was the only detection (160 pglkg) which 

exceeded the RBSL for Aroclor-1254 (83 pglkg). 

Aroclor-1260 was detected in three samples (684SB00701, 684SB03201, and 684SB03301) at 

AOC 684 where it was identified as a COC. Only one sample (684SB00701) contained 

Aroclor-1260 at a concentration (376 pgtkg) which exceeded the RBSL of 83 pg/kg. 

BEQs were identified as COCs at the AOC 670 and 684 subareas. The highest concentrations 

of BEQs were east and south of the SWMU 15 area. SWMU 15 was a paper incinerator and 

may account for the presence of high concentrations of BEQs in AOC 670 and 684 sampling 

areas. BEQs were detected in seven second-interval samples. Six of these seven detections were 

along the border between the AOC 670 and AOC 684 sampling areas. The BEQs for three of 

these samples exceeded the RBSL for BAP. The only other detection of BEQ in the 

second-interval was at 684SB040 on the northern edge of the AOC 684 sampling pattern. 
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The AOC 670 total soil pathway risk for site residents and site workers was calculated as 7E-5 

and 1E-5, respectively. The resident child hazard index was 1 .  Adult resident and site worker 

hazard indices were below 0.2. The primary contributors to surface soil risk were arsenic and 

BEQ . The hazard contributors included arsenic, aluminum, antimony, and thallium. AOC 670 

surface soil is recommended for inclusion in the CMS process on the basis of projected resident 

and worker risk, potential resident child hazard, and TPH concentrations. 

The AOC 684 total soil pathway risk for site residents and site workers was calculated as 1E-4 

and 2E-5, respectively. The resident child hazard index was 1. Adult resident and site worker 

hazard indices were below 0.1. The primary contributors to surface soil risk were arsenic, 

BEQs, and beryllium. The hazard contributors included arsenic, antimony, and thallium. 

AOC 684 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident and worker risk, potential resident child hazard, and TPH concentrations. 

SWMU 14 Shallow Groundwater 

The total shallow groundwater pathway risk for site residents and site workers was calculated 

as 3E-5 and 7E-6, respectively. The resident child hazard index was 2. Adult resident and site 

worker hazard indices were below 0.7. The primary contributors to shallow groundwater risk 

were BEHP and 2,3,7,8-TCDD equivalents; both detected in first-quarter samples only. The 

hazard contributors included aluminum and vanadium. SWMU 14 shallow groundwater is 

recommended for inclusion in the CMS process on the basis of projected resident and worker 

risk, and potential resident child hazard. Due to the hydrophobic nature of dioxins, they are 

not expected to migrate from soil to groundwater. It has been suspected that first-quarter results 

for dioxins may reflect the influence of sediment entrained in the monitored zone during well 

installation. Consideration of third and fourth-quarter results will confirm or refute the presence 

of both 2,3,7,8-TCDD equivalents and BEHP in shallow groundwater. This review will 

facilitate responsible and sound risk-management decisions. Furthermore, the maximum 
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2,3,7,8-TCDD equivalent concentration reported in shallow groundwater does not exceed the 

MCL (3E-8 mg/L). 

SWMU 14 Deep Groundwater 

The total deep groundwater pathway risk for site residents and site workers was calculated as 

5E-4 and 1E-4, respectively. The resident child hazard index was 17. Adult resident and site 

worker hazard indices were calculated at 8 and 3, respectively. The primary contributors to 

deep groundwater risk were heptachlor epoxide, BEHP and 2,3,7,8-TCDD equivalents; each was 

detected in first-quarter samples only. The hazard contributors included cadmium and thallium. 

Thallium was also detected exclusively in first-quarter samples. SWMU 14 deep groundwater 

is recommended for inclusion in the CMS process on the basis of projected resident and worker 

risk and hazard for all potential receptors. Due to the hydrophobic nature of dioxins and 

heptachlor epoxide, neither would be expected to migrate from soil to groundwater. It has been 

suspected that first-quarter results for these compounds may reflect the influence of sediment 

entrained in the monitored zone during well installation. Consideration of third and 

fourth-quarter results will confirm or refute the presence of heptachlor epoxide, 2,3,7,8-TCDD 

equivalents and BEHP in deep groundwater. This review will facilitate responsible and sound 

risk management decisions. Furthermore, the maximum 2,3,7,8-TCDD equivalent concentration 

reported in deep groundwater does not exceed the MCL (3E-8 mg/L). 

To evaluate fate and transport, constituents detected in Combined SWMU 14 groundwater were 

compared to the constituents detected in soil samples collected from SWMUs 14 and 15, and 

AOCs 670 and 684. Maximum concentrations in groundwater and soil were compared to 

relevant fate and transport screening criteria to highlight potential migration pathways. The fate 

and transport screening process for Combined SWMU 14 identified chromium and lead present 

above their fate and transport screening criteria in both soil and groundwater. Shallow 

groundwater migration is a slow process for Zone H due to low hydraulic gradients. This point 

was illustrated with travel time analysis which estimated a travel time of 200 to 300 years for 
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groundwater to migrate from the SWMU 14 area to the Cooper River. Sorption is likely to be 

the dominant process affecting fate and transport rather than groundwater migration for lead and 

chromium. 

Each SWMU and AOC in Combined SWMU 14 area were also evaluated separately to provide 

a focused assessment of the soil-to-groundwater migration pathway. Lead was identified for 

SWMU 14 as a soil-to-groundwater migration concern based on soil concentrations and 

detections in a downgradient monitoring well. No constituents were identified as 

soil-to-groundwater migration concerns for SWMU 15, AOC 670, and AOC 684. 

Evaluation of the soil-to-air migration pathway identified a single surface soil sample with 

1,2,3-trichloropropane concentrations (0.09 12 mglkg) above the screening level 

(0.00003 mglkg). Due to the limited extent of surface soil impacts, impacts to ambient air, 

related to 1,2,3-trichloropropane volatilizing from surface soil, are unlikely to exceed acceptable 

risk-based air concentrations. Limited supplemental soil and/or air sampling during the CMS 

would assist in confirming that 1,2,3-trichloropropane concentrations are not actionable relative 

to the soil-air pathway. 

Qualitative evaluation of the surface soil-to-sediment migration pathway provided evidence that 

erosion is a significant process for AOCs 670 and 684. Many constituents detected in surface 

soil were also detected in sediment. This migration pathway is potentially significant relative 

to ecological impacts to the drainage features located at these AOCs. Table 9.3 summarizes the 

human health risk assessment (residential scenario) for the Combined SWMU 14 area. 
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Table 9.3 
Zone H Conclusion Summary 

Combined SWMU 14 (Includes SWMUs 14 and 15 and AOCs 670 and 684) 

Unacceptable Risks for Human 
Health in R e s i W  Sc-*o 

ww 
Surface Soil 

Shallow Groundwater 

Deep Groundwater 

SWMU 14 Yes, ILCR 6E-5, HI=1 Al,As, BEQ, Be, V,-AS, BEQ 
SWMU 15 Yes, ILCR 2E-4,HI=2 BEQ, As TI,AI,Sb, 
AOC 670 Yes, ILCR 7E-5,HI = 1 Aroclor-1254, Aroclor-1260, 
AOC 684 Yes, ILCR 1E-4,HI=1 BEQ, As TI,Be,Sb, 

Yes ILCR 3E-5, HI =2 BEHP,2,3,7,8-TCDD 
equivalents, Al, V 

Yes ILCR 5E-4, HI=17 Heptachlor epoxide, 2,3,7,8- 
TCDD equivalents, Chloroform, 
Cd, T1 

Abwe Levels d Concern ( Y N  Total TEQ (ppb) 

Dioxin in Surface Soil No 0.831-22.357 pglg2,3,7,81 
TCDD equivalents 

Dioxin in Shallow Groundwater 

Dioxin in Deep Groundwater 

Yes 2.038-1 1.368 pg/l2,3,7,8-TCDD 
equivalents 

Yes 1.061-2.285 pgll 2,3,7,8-TCDD 
equivalents 

TPH Resent at Concentrations Martimum Detected 
3mJ PW fY/N) Concentration (ppm) 

Soil 

Note: 
NA = Not Applicable 
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9.4 SWMU 17 

SWMU 17 is the site of an oil spill from a ruptured underground fuel pipe beneath 

Building FBM 61. The 1987 rupture released approximately 14,000 gallons of fuel oil beneath 

the north-central extension of the building. Soil sampling identified the presence of SVOCs and 

PCBs in the soil adjacent to the building and extrapolation of the data indicates a high probability 

that contamination exists beneath the building. Contaminants have leached into shallow 

groundwater as evidenced by results of the groundwater sample analyses. 

Two organic compounds or compound groups were identified through soil sampling and 

subsequent risk assessment as COCs in surface soil at SWMU 17: Aroclor-1260 and BEQs. 

BEQs were present in soil samples collected from SWMU 17 at concentrations resulting in their 

identification as site COCs with regard to a residential scenario. The concentration of these 

compounds, when equated to BAP, exceeded the RBSL for BAP. BEQs for PAH at BAP 

RBSL-exceeding concentrations were present along the eastern side of the building appendage 

on the north side of Building 61. The oniy BEQ detection in the second-interval was at 

location 017SBOll. The BEQ for this sample was 0.13 pg/kg. Based on the current sampling 

pattern, the extent of BEQ contamination is confined to the above-described area. 

Aroclor- 1260 contamination was present on the west and east sides of the building appendage 

on the north side of Building 61. The soil boring with the highest Aroclor-1260 contamination 

in the upper sampling-interval was Of 7SB020. The second highest Aroclor-1260 contamination 

in the upper sampling-interval was from soil boring 017SB002. Lower-interval samples with 

Aroclor- 1260 contamination were obtained from borings 0 17SB006 and 0 17SB004. 

Aroclor-1260 contamination of soil at SWMU 17 is centered on the north side of Building 61. 

The area of SWMU 17 exhibiting the most impact from TPH contamination, as evidenced by 

soil sample results, was in the vicinity of soil borings 017SB001, 017SB002, 017SB003, and 
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017SB006 in the indented, open area of the north side of Building 61. TPH contamination at 

concentrations exceeding the screening level were also detected at 017SBOll. The presence of 

TPH under Building 61 has not been assessed. 

The total soil pathway risk for site residents and site workers was calculated as 4E-4 and 8E-5, 

respectively. The primary contributors to surface soil risk were BEQs and Aroclor-1260. 

SWMU 17 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident and worker risk, as well as TPH concentrations. 

Figure 9.12 illustrates the distribution of risk at SWMU 17 considering a residential scenario. 

An area encompassing sample locations 017SB002, 017SB009, and 017SB023 and an area 

around 017SB006 represent the presence of potential individual point risk greater than 1E-4. 

This area is apparently the source area for Aroclor-1260. 

Aroclor-1260 was the sole carcinogenic COC with regard to the industrial scenario 

(Figure 9.13). The distribution of risk in the industrial scenario was similar to the distribution 

of risk in the residential scenario with the same primary 1E-4 risk locations. 

No hazard maps were prepared due to lack of significant hazard at SWMU 17. 

No ecological risk is anticipated for SWMU 17 due to the lack of suitable habitat and lack of 

ecological receptors. 

Groundwater contamination is present in the area immediately surrounding NBCH017002 and 

appears to be moving in the northeast direction as evidenced by the lower level of contamination 

identified in NBCH017005. SWMU 17 shallow groundwater is recommended for inclusion in 

the CMS process on the basis of projected resident and worker risk and hazard. Although proof 

that the single benzidine hit was a well installation artifact would result in a considerable 
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reduction in projected shallow groundwater risk, the chlorinated benzenes detected on a limited 

basis at NBCH017002 would remain problematic with associated risk projections above 1E-4. 

The total shallow groundwater pathway risk for site residents and site workers were calculated 

as 2E-1 and 6E-2, respectively. The hazard indices for resident children, resident adults and 

site worker's were 79, 34 and 12, respectively. The primary contributors to shallow 

groundwater risk and hazard were benzidine (detected in one first-quarter sample only) and 

chlorinated benzenes (mono-, di-, and tri-). Table 9.4 summarizes human health risk assessment 

results. 

To evaluate fate and transport, constituents detected in SWMU 17 groundwater were compared 

to the constituents detected in soil samples. Maximum concentrations in groundwater and soil 

were compared to relevant fate and transport screening criteria to highlight potential migration 

pathways. The fate and transport screening process for SWMU 17 identified chlorobenzene, 

1,3-dichlorobenzene, 1,4-dichlorobenzene, and 1,2,4-trichlorobenzene above their fate and 

transport screening criteria in both soil and groundwater. A dense nonaqueous phase liquid was 

reported in the NBCH017002 monitoring well during the third round of groundwater sampling. 

In addition, benzidine, chromium, and 1,2-dichlorobenzene were detected in SWMU 17 shallow 

groundwater above their tap water RBCs. 

Groundwater migration is a slow process for Zone H due to low hydraulic gradients. This point 

was illustrated with travel time analysis which estimated a travel time of 176 years for benzidine 

to migrate in groundwater from monitoring well NBCH017002 to the Cooper River. For the 

constituents listed above, biodegradation/volatilization are likely to be the dominant processes 

affecting fate and transport rather than groundwater migration. 
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Table 9.4 
Zone H Conclusion Summary 

SWMW 17 

Unacceptable RWs for Hman 
Health in Residential Seeanvio 

@nu) Chemicals Driving Risk 

Surface Soil Yes, ILCR 4E-4 BEQs , Aroclor- 1260 

Shallow Groundwater Yes, ILCR 1E-1 Benzidine, Mono, Di, and Tri 
chlorobenzenes 

Deep Groundwater NA 

Above Lev& of Concern Total TEQ fppM 

Dioxin in Surface Soil No 1.106-127.031 pglg 2,3,7,8- 
TCDD equivalents 

Dioxin in Shallow Groundwater No ND 

Dioxin in Deep Groundwater NA 

TPff Present at Caneentrations h4aximmIDeteaed 
> 100 ppm W N  Concentration f ppm) 

. .. 

Soil 

Note: 
NA = Not Applicable 
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SWMU 19 is a solid waste transfer station. It was used for the temporary storage of solid waste 

prior to transport offsite. Wastes were stored on bare ground prior to transport and included 

dry trash, tires, and empty 55-gallon drums. Soil sampling was conducted at SWMU 19 to 

evaluate whether residual contamination remains at the site as a result of previous solid waste 

management activities. Only two second-interval soil samples were collected at SWMU 19 due 

to the shallow depth to groundwater. These were collected at locations 019SB001 and 

Three organic compounds or compound groups (BEQs, Aroclor- 1254, and Aroclor- 1260) and 

six inorganic elements (antimony, arsenic, beryllium, copper, nickel, and zinc) were determined 

to be COCs in the surface soil at SWMU 19. 

BEQs were present in soil samples collected from SWMU 19. The concentration of these 

compounds, when equated to BAP, exceeded the RBSL for BAP. Soil sample locations 

exhibiting BEQ contamination at concentrations exceeding the RBSL for BAP were present 

within and around the perimeter of the SWMU 19 sampling pattern. BEQs were detected in one 

of the two second-interval samples collected at SWMU 19. The BEQs for this sample was 

2062.6 pg/kg, which made it the most heavily contaminated BEQ sample in the SWMU 19 area. 

This sample was collected at location 019SB004. 

Aroclor-1254 was detected at only one sample location at SWMU 19 (the upper-interval sample 

at 019SB007). This detection of Aroclor-1254 was 2,300 pg/kg, which exceeds the compound's 

RBSL (83 pgtkg). Aroclor-1254 was not detected in either second-interval sample. 

Aroclor-1260 was detected in 11 samples at SWMU 19. Eight of these detections exceeded the 

compound's RBSL (83 pgikg). These detections were distributed throughout the SWMU 19 

sampling pattern. Aroclor-1260 was not detected in either second-interval sample. 
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Antimony was detected at one sample location (019SB002) at a concentration which exceeded 

its RBSL. Antimony was detected at two other upper-interval sample locations and at one of 

the two second-interval sample locations. All detections for antimony were within the fenced 

area of SWMU 19. 

Arsenic was present at UTL-exceeding concentrations at three upper-interval soil sample 

locations (019SB013, 019SB009, and 019SB001). Two of these sample locations are on the 

perimeter of the current sampling pattern. Arsenic was detected in both lower-interval sample 

locations. Both second-interval detections were below the interval-specific UTL. 

Beryllium was detected in one soil sample (019SB00401) at a concentration that exceeded the 

RBSL and interval-specific UTL. This sample location is surrounded with samples that 

contained background concentrations of beryllium. Beryllium was detected in both 

lower-interval samples at concentrations below the interval-specific UTL, 

Copper was detected at RBSL/UTL-exceeding concentrations at nine soil sample locations. 

These locations were distributed throughout the SWMU 19 sampling pattern. The highest 

detected concentration of copper was at sample location 019SB007. Copper, at above-UTL 

concentrations, was detected in both second-interval sample locations. 

Nickel was detected at one soil sample location (019SB004) at a RBSLIUTL-exceeding 

concentration. Detections of nickel below the RBSL and UTL were distributed throughout the 

SWMU 19 sampling pattern. Nickel was detected in one (019SB004) of the two second-interval 

samples. The concentration of nickel in this sample was below the interval-specific UTL. 

Zinc was only detected at one SWMU 19 sample location (019SB004) at a RBSLIUTL-exceeding 

concentration. However, zinc was present at UTL-exceeding concentrations throughout the 

SWMU 19 sampling pattern. Zinc was detected in both lower-interval soil samples. Both 
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detections exceeded zinc's lower-interval UTL; however, they did not exceed the element's 

RBSL. 

The total soil pathway risk for site residents and site workers was calculated as 7E-5 and 1E-5, 

respectively. The child hazard index computed for soil pathways was 3. The hazard indices for 

adult residents and site workers were 0.4 and 0.2, respectively. The primary contributors to 

surface soil risk were arsenic, beryllium, BEQ and Aroclor-1254 and -1260. Table 9.5 

summarizes human health risk assessment results. 

SWMU 19 was included in the ERA for subzone H-1. Of the surface soil samples collected 

throughout H-1 (which also includes SWMUs 9 and 20 and AOCs 649, 650, and 651) most of 

the samples with the highest potential for lethal and sublethal risk to infaunal invertebrates, 

terrestrial organisms, and herbaceous vegetation were collected from SWMU 19 (see 

Figures 7-4, 7-5, 7-6, and 7-7). The primary ecological risk is related to inorganic constituents 

(particularly zinc, copper, mercury, arsenic, and lead) and low but widespread BEQ compounds. 

Figure 9.14 illustrates the distribution of risk considering a residential scenario. The majority 

of the SWMU 19 site exhibits risk between the 1E-5 and 1E-4 range. 

Figure 9.15 illustrates the distribution of risk considering an industrial scenario. The majority 

of the SWMU 19 site poses risk in the range of 1E-6 to 1E-5. 

Figure 9.16 illustrates the distribution of hazard considering a residential scenario. The vicinity 

of sample location 019SB009 is an area of hazard between a HI of 1.0 and 3.0. The area 

around sample locations 019SB003, 019SB004, and 019SB007 represents an area of HI between 

1.0 and 10.0. 

Due to lack of significant industrial hazard, no industrial hazard map was prepared. 

9-57 
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Given the sample location distribution, it is not apparent whether the hazard at either of the 

above-mentioned areas is due to SWMU 19 activities. It is apparent from the data that the risk 

identified at SWMU 19 is not confined to tbe fenced SWMU 19 area. The widespread nature 

of organic COCs suggests a source other than past SWMU 19 operations. 

TPH analysis was conducted on two samples collected in the SWMU 19 area (the upper-interval 

sample at 019SB002 and the upper-interval sample at 019SB014). The concentration of TPH 

in both samples exceeded the screening level for TPH. No additional TPH analyses were 

conducted on SWMU 19 samples. 

SWMU 19 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident and worker risk, and resident child hazard as well as TPH concentrations. 

Table 9.5 summarizes unacceptable risks for human health at SWMU 19. 

In addition, SWMU 19 is geographically within the estimated SWMU 9 boundary and therefore 

will be evaluated during the SWMU 9 CMS process. 
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Table 9.5 
Zone H Conclusion Summary 

SWMU 19 

Unacceptable Risks far Human 
Health in Resi-l Scenario 

fY/N) Chemimls IMvjng Risk 

Surface Soil Yes, ILCR 7E-5, HI =3 Aroclor-1254 and 1260, BEQs, 
As, Be, Cu, Ni, Zn 

Shallow Groundwater See SWMU 9 NA 

Deep Groundwater See SWMU 9 NA 

Above Lev& of C e m  WIN) TEQ (~pb)  

Dioxin in Surface Soil No 1.058-45.608 pglg 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater See SWMU 9 NA 

Dioxin in Deep Groundwater See SWMU 9 NA 

TPH Resent at Concentrations Maximum Detected 

Soil Y 189 

Note: 
NA = Not Applicable 
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9.6 SWMU20 

SWMU 20 is the site of previous construction waste disposal/storage. Beginning in 1985, waste 

materials, such as batteries, concrete, wood, and sand blasting residue were stored on the ground 

at SWMU 20. No containment was provided around the waste storage area. Soil sampling was 

conducted at SWMU 20 to evaluate whether residual contamination remains at the site as a result 

of the previous waste management activities which occurred there. Due to shallow depth to 

groundwater, only one lower-interval sample (020SBOll) was collected at SWMU 20. 

BEQs were present .in soil samples collected from SWMU 20 at concentrations resulting in their 

identification as site COCs. BEQs were detected at each of the 11 soil boring locations at 

SWMU 20. All of the BEQ concentrations exceeded the RBSL for BAP with the exception of 

the upper-interval sample collected at 020SB002. BEQ were detected in the second-interval soil 

sample (020SBOll) at a concentration which exceeded the RBSL for BAP. 

SWMU 20 was also included in the ERA for subzone H-1. Based on surface soil samples 

collected throughout H-1 (which included SWMUs 9 and 19 and AOCs 649, 650, and 651), the 

primary ecological risk to infaunal and terrestrial organisms is from inorganic constituents 

(particularly mercury, zinc, and copper) and low but widespread PAH compounds (see 

Figures 7 -4, 7.5, 7.6, and 7.7). Inorganic analysis was not included in the sampling plan for 

SWMU 20. Concentrations of organic ECPCs indicated low ecological risk. 

The total soil pathway risk for site residents and site workers was calculated as 1E-5 and 3E-6, 

respectively. No noncarcinogenic COCs were identified for soil pathways. The primary 

contributors to surface soil risk were BEQs. SWMU 20 surface soil is recommended for 

inclusion in the CMS process on the basis of projected resident and worker risk. Table 9.6 

summarizes human health risk assessment results. 
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In addition, SWMU 20 is geographically within the estimated SWMU 9 boundary and therefore 

will be evaluated during the SWMU 9 CMS process. 

Figure 9.17 illustrates the distribution of risk in surface soil at SWMU 20 considering a 

residential scenario. Individual locations in the southern portion of the SWMU 20 sampling area 

exhibited risk in excess of 1E-5, while those in the northern portion of the SWMU 20 sampling 

area exhibited risk in the range of 1E-5 and 1E-4. On the eastern and western edges of the 

SWMU 20 sampling pattern, risk dropped to below 1E-6. 

Figure 9.18 illustrates the distribution of risk in surface soil at SWMU 20 considering an 

industrial scenario. The southern portion of the sampled area exhibited risk exceeding 1E-6. 

The remainder of the sampled area (the northern portion) did not exhibit risk above 1E-6. 

No hazard maps were prepared for the SWMU 20 area because no hazard-based COCs were 

identified. 
Table 9.6 

Zone H Conclusion Summary 
SWMU 20 

Unacceptable Risks for Human Health 
in Residential Senaria fYM) Chemicals Driving Risk 

Surface Soil Yes, ILCR 1E-5 BEQ 

Shallow Groundwater See SWMU 9 NA 

Deep Groundwater See SWMU 9 NA 

i 
Dioxin in Surface Soil No 1.34-6.308 pglg 2,3,7,8-TCDD 

equivalents 

Dioxin in Shallow Groundwater See SWMU 9 NA 

Dioxin in Deep Groundwater See SWMU 9 NA 

1 
PPm n'N Concentration [ppm) 

Soil None Collected NA 

Note: 
NA = Not Applicable 
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SWMU 121 is the site of Building 801 and associated SAA. Since 1990, Building 801 has been 

used for collection, sorting, and storage of recyclable material. The associated SAA was an 

8-foot by 8-foot sheet metal building with a concrete floor on which hazardous waste was 

accumulated. The SAA had no secondary containment structures. Soil sampling was conducted 

at SWMU 121 to evaluate the potential presence of contamination associated with Building 801 

and the SAA, Only one second-interval sample (121SB00702) was collected at SWMU 121 due 

to shallow groundwater. 

BEQs, Aroclor- 1248, Aroclor- 1254, and Aroclor- 1260 (organic), and antimony, arsenic, 

beryllium, copper, mercury, nickel, thallium, vanadium, and zinc (inorganic) were determined 

to be COCs in surface soil at SWMU 121. 

BEQs were present in soil samples collected from SWMU 121 at concentrations which identified 

them as site COCs, The concentration of these compounds, when equated to BAP, exceeded 

the RBSL for BAP. The highest BEQ for soil samples collected at SWMU 121 was 2,525 ~ g / k g  

(12 1SBOll). The second highest BEQ concentration was at 121SB013 (2,106.7 pgtkg). The 

remainder of the detected BEQ concentrations exceeded the RBSL fox BAP with the exception 

of the sample collected at 121SB006. BEQs were prevalent across the SWMU 121 area. The 

one SWMU 121 second-interval sample also contained RBSL-exceeding BEQ concentrations. 

Aroclor-1248 was present at RBSL-exceeding concentrations at three soil boring locations along 

the center of the eastern side of the SWMU 121 fenced area. Concentrations of Aroclor-1248 

were within a factor of two of the RBSL (83 pg/kg). Aroclor-1248 was also detected in the one 

second-intenal sample at a less-than-RIEL concentration. 

Aroclor-1254 was present at RBSL-exceeding concentrations at seven surface soil sample 

locations at SWMU 121. The highest detected Aroclor-1254 concentration was at the northeast 
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comer of the current sampling pattern. The remainder of the Aroclor-1254 RBSLexceeding 

detections were concentrated in the center of the SWMU 121 sampling pattern. Aroclor-1254 

was also detected in the one second-interval sample at a less-than-RBSL concentration. 

Aroclor-1260 was present at RBSL-exceeding concentrations in 12 surface soil samples collected 

at SWMU 121. As with Aroclor-1254, the highest detected Aroclor-1260 concentration was at 

the northeast comer of the current SWMU 121 sampling pattern. The remainder of the 

RBSL-exceeding detections were in the center of the SWMU 121 sampling pattern both inside 

and outside of the-fenced area. Aroclor-1260 was also detected in the one second-interval 

sample at a greater-than-RBSL concentration. 

Antimony was present at RBSL-exceeding concentrations at three surface soil sample locations 

within the SWMU 121 sampling pattern. Antimony was only detected at one other surface soil 

sample location. All antimony detections were within the fenced area of SWMU 121. 

Antimony was not detected in the second-interval soil sample. 

Arsenic was present in one upper-interval soil sample (121SB004) at an RBSLIUTL-exceeding 

concentration. This sample location is surrounded by samples with less-than-RBSL 

concentrations of arsenic. Arsenic was detected at a less-than-UTL concentration in the 

second-interval soil sample. 

Beryllium was present at RBSWUTL-exceeding concentrations at nine surface soil and one 

second-interval soil sampling locations at SWMU 121. The highest two detected concentrations 

of beryllium were in the surface-interval samples at 121SB007 and 121SB004 (14 pglkg and 

4.8 pglkg, respectively). The third and fourth highest detected concentrations of beryllium were 

in the surface-interval samples at 121SB014 and 121SB016 (4.1 pg/kg and 4.6 pg/kg, 

respectively). These two samples are at the northern end of the current SWMU 121 sampling 

pattern. The presence of beryllium appears to be relatively consistent across the SWMU 121 
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area. Beryllium was detected in the second-interval sample at a concentration which exceeded 

the second-interval UTL. 

Copper was detected in all but one soil sample collected at SWMU 121. W e e n  soil samples 

contained RBSL/UTL-exceeding concentrations of copper. The highest detected concentration 

of copper was in the surface soil sample collected at 121SB007. Copper was detected in the 

second-interval soil sample at a concentration which exceeded the second-interval UTL. 

Mercury was present in all soil samples collected at SWMU 121. However, it was only detected 

at two sample locations (121SB007 and 121SB002) at RBSLIUTL-exceeding concentrations. 

Mercury was detected at seven soil sample locations at concentrations that exceeded the 

interval-specific UTL but not the RBSL. Mercury was detected in the second-interval sample 

at a concentration which was only slightly below the second-interval UTL. 

Nickel was present at eight SWMU 121 soil sample locations at RBSLIUTL-exceeding 

concentrations. The highest detected concentration of nickel was in the upper-interval sample 

at 121SB007. The remainder of the RBSLIUTL-exceeding concentrations were distributed 

through the central and northern area of the current SWMU 121 sampling pattern. Nickel was 

detected in the second-interval soil sample at a concentration which exceeded the second-interval 

UTL. 

Thallium was present in only one soil sample collected at SWMU 121. The concentration of 

thallium in this sample (121SB00101) exceeded both the RBSL and interval-specific UTL. The 

121SB001 sample location is surrounded by sample locations that were non-detect for thallium. 

Thallium was not detected in the second-interval sample. 

Vanadium was present in all soil samples collected at SWMU 121. At five soil sample locations 

vanadium was present at RBSLIUTL-exceeding concentrations. The highest detected 
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concentration was in the upper-interval sample at 121SB007. The remainder of the 

RBSWUTL-exceeding detections were in the central and northern areas of the SWMU 121 

sampling pattern. Vanadium was detected in the one second-interval soil sample at a 

concentration that was less than the second-interval UTL. 

Zinc was present in all soil samples collected at SWMU 121. Zinc was present at 

RBSLIUTL-exceeding concentrations at six soil sample locations. The highest detected 

concentration was in the upper-interval sample at 121SB007. The remainder of the 

RBSLlUTGexceeding detections were in the central and northern area of the SWMU 121 

sampling pattern. Zinc was present in the second-interval soil sample at a concentration that was 

greater than the second-interval UTL, but less than the RBSL. 

This SWMU was included in the ERA for subzone H-2. Of the surface soil samples collected 

throughout B-2 (which also includes SWMU 159 and AOC 503), most of the samples with the 

highest potential for lethal and sublethal risk to infaunal and terrestrial organisms originated from 

SWMU 121 (See Figures 7.8, 7.9. and 7.10). The primary ecological risk to infaunal and 

terrestrial organisms in H-2 is from inorganic constituents (zinc, copper, mercury, cadmium, 

manganese, and lead). 

The total soil pathway risk for site residents and site workers was calculated as 1E-4 and 2E-5, 

respectively. The child hazard index computed for soil pathways was 5. The hazard indices for 

adult residents and site workers were 0.6 and 0.3, respectively. The primary contributors to 

surface soil risk were arsenic, beryllium, BEQs, and Aroclor-1254. Table 9.7 summarizes 

human health risk assessment results. 

Figure 9.19 illustrates the distribution of risk considering a residential scenario in the vicinity 

of SWMU 121. The majority of the SWMU 121 area is within the risk range of 1E-5 to 1E-4. 
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Two sample locations (121SB007 and 121SB016) present risk in the > 1E-4 risk range. There 

is no apparent pattern to the distribution of risk in the vicinity of SWMU 121. 

Figure 9.20 illustrates the distribution of risk considering an industrial scenario. No point risk 

estimate above 1E-4 was identified. 

Figure 9.21 illustrates the distribution of hazard considering a residential scenario in the vicinity 

of SWMU 121. The majority of the SWMU 121 area is within the HI range of 0.1 to 3.0 with 

the central area of SWMU 121 area in the 1.0 to 3.0 HI range. Two sample locations 

(121SBQ07 and 121SB016) exceeded the HI of 3.0. There is no apparent pattern to the 

distribution of hazard in the vicinity of SWMU 121. 

Due to Iack of significant hazard identified considering an industrial scenario, no map was 

prepared. 

Risk and hazard identified at SWMU 121 are likely due to the presence of the landfill and 

associated activities, as well as the recycIing activities at SWMU 121. 

One sample at SWMU 121 (121SB002, upper-interval) was analyzed for TPH. The 

concentration of TPH in this sample was 150 mglkg, which exceeds the screening level. 

SWMU 121 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident and worker risk, and resident child hazard, as well as TPH concentration. 

In addition, SWMU 121 is geographically within the estimated SWMU 9 boundary and therefore 

will be evaluated during the SWMU 9 CMS process. 
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Table 9.7 
Zone H Conclusion Summary 

SWMU 121 

Shallow Groundwater See SWMU 9 NA 

Deep Groundwater See SWMU 9 NA 

Above Levels of Concern 0 Twl (PPW 

Dioxin in Surface Soil No 17.818-195.637 pgtg 2,3,7,8- 
TCDD equivalents 

Dioxin in Shallow Groundwater See SWMU 9 N A 

Dioxin in Deep Groundwater See SWMU 9 NA 

Soil Y 150 

Note: 
NA = Not Applicable 
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9.8 SWMU 178 

SWMU 178 is the site of a transformer-oil leak from a transformer vault approximately 50 feet 

south of Building X33-A. The leak was discovered in 1994. Soil and groundwater sampling 

were completed at SWMU 178 to investigate the presence, if any, of residual contamination 

resulting from the previous oil leak and other possible spills or leaks. 

BEQs were present in soil samples collected at SWMU 178 at concentrations which identified 

them as site COCs. However, the BEQ for only one sample exceeded the RBSL for 

BAP (178SB0050P). This sample was collected at the north end of the current sampling pattern 

in the vicinity of the UST which is located just north of the transformer vault. No BEQs were 

detected in the second-interval samples. 

The total soil pathway risk for site residents and site workers was calculated as 3E-6 and 6E-7, 

respectively. No noncarcinogenic COCs were identified for the soil pathways. The sole 

contributors to surface soil risk were BE@. Table 9.8 summarizes human health risk 

assessment results. 

Figure 9.22 illustrates the distribution of risk in surface soil considering a residential scenario. 

Only one sample location exhibited risk above 1E-6. Due to lack of significant risk in the 

industrial scenario and hazard in both the residential and industrial scenarios, none of these maps 

were prepared for SWMU 178. 

TPH, at concentrations greater than the screening level, was present in all soil samples collected 

at SWMU 178 except the upper and lower-interval samples from location 178SB006. No TPH 

was detected at this location. The highest concentrations of TPH were detected in the 

lower-interval soil samples at 178SB001 and 178SB005. Groundwater contamhation was not 

apparent in the vicinity of the petroleum contamination of soil evidenced by the VOC, SVOC, 

and TPH analyses for groundwater. 
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No ecological risk is anticipated for SWMU 178 due to the lack of suitable habitat, and lack of 

ecological receptors. 

No shallow groundwater COCs were identified for either receptor group. SWMU 178 surface 

soil is recommended for inclusion in the CMS process on the basis of projected resident risk, 

and TPH concentrations. 

No fate and transport concerns were identified for SWMU 178. Table 9.8 summarizes 

unacceptable risks for human health at SWMU 178. 

Table 9.8 
Zone H Conciusion Summary 

SWMU 178 

Surface Soil 

Shallow Groundwater 

Deep Groundwater 

Yes, ILCR 3E-6 

No 

NA 

BEQs 

N A 

Above Ltads oi Concern W m  'rw 'J.'w wj 
Dioxin in Surface Soil 

Dioxin in Shallow Groundwater 

Dioxin in Deep Groundwater NA NA 

Note: 
NA = Not Applicable 
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9.9 AOCs 649, 650, and 651 

AOC 649, the former Braswell Storage Area, is located east of Building 672. It was used to 

store sandblast media, welding supplies, and other various supplies used in ship repair. Material 

was stored for an unknown length of time during the 1970s. AOC 650, the former Metal Trades 

storage area, is also located east of Building 672. It was used to store unknown supplies used 

in ship repair. The exact dates of operation are unknown but maps indicate that the area was 

in operation during the 1970s. AOC 651, the former Sandblaster's storage area, is also located 

east of Building 672. It was used to store sandblast media presumably resulting from ship 

repair. The area was in operation from the 1970s until 1991. Soil sampling was conducted in 

order to assess the presence of residual contamination from the former storage area. Due to 

shallow depth to groundwater, only one second-interval sample was collected (650SB010) in the 

AOC 649, 650, and 651 area. 

Aroclor-1254 and BEQs were identified as COCs in the surface soil samples collected at 

AOCs 649, 650, and 651 : Aroclor-1254, and BEQs. 

Aroclor-1254 was present at one upper-interval sampling location (650SB002) at a 

RBSL-exceeding concentration. This sample was surrounded by samples that were nondetect 

for Aroclor-1254. Aroclor-1254 was detected in the second-interval soil sample at a 

concentration lower than its RBSL. 

BEQs were present in soil samples collected at AOC 649, 650, and 651 at concentrations which 

identified them as site COCs. The concentration of these compounds, when equated to BAP, 

exceeded the RBSL for BAP. The highest detected BEQ concentration (3,073 pglkg) was 

detected at sample location 650SB006. The BEQ concentrations of PAH decrease away from 

this central sample location. BEQs were not detected in the second-interval sample at any 

location. 
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The total soil pathway risk for site residents and site workers was calculated as 3E-6 and 7E-7, 

respectively at AOC 649. The child hazard index computed for soil pathways was 0.3. The 

hazard indices for adult residents and site workers were below 0.4. The primary contributors 

to surface soil risk were BEQs. 

TPH analysis was conducted on two surface soil samples collected in the AOC 649, 650, and 

651 area (649SB001 and 650SB003). The concentration of TPH detected in both of these 

samples exceeded the screening level for TPH. 

This group of four AOCs was included in the ERA for subzone H-1. Based on surface soil 

samples collected throughout H-1, the primary ecological risk to infaunal and terrestrial 

organisms is from inorganic constituents (particularly zinc, copper, mercury, arsenic, and lead) 

and low but widespread PAH compounds. One sample at AOC 649 exhibited the highest 

concentration of mercury in subzone H-I, which Increased the respective risk potential for that 

constituent. 

AOC 649 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident risk, and TPH concentrations. In addition, AOC 649 is geographically within 

the estimated SWMU 9 boundary and therefore will be evaluated during the SWMU 9 CMS 

process. Table 9.9 summarizes human health risk assessment results. 

Figure 9.23 illustrates the distribution of risk in surface soil at AOCs 649, 650, and 651 

considering a residential scenario. A relatively small area in the central portion of the sample 

pattern exhibited risk between IE-5 and 1E-4. The remainder of the area exhibited risk less 

than 1E-5. 

Figure 9.24 illustrates the distribution of risk considering an industrial scenario. 
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Due to the lack of significant hazard in both the residential and industrial scenarios, neither of 

these maps was prepared for AOCs 649, 650, and 651. 

At AOC 650, the total soil pathway risk for site residents and site workers was calculated as 

6E-5 and 1E-5, respectively. The child hazard index computed for soil pathways was 0.4. The 

hazard indices for adult residents and site workers were below 0.05. The primary contributors 

to surface soil risk were BEQ and Aroclor-1254. AOC 650 surface soil is recommended for 

inclusion in the CMS process on the basis of projected resident and site worker risk, as well as 

TPH concentrations. In addition, AOC 650 is geographically within the estimated SWMU 9 

boundary and therefore will be evaluated during the SWMU 9 CMS process. Table 9.9 

summarizes human health risk assessment results. 

No soil investigations were performed at AOC 65 1 as it was sufficiently covered under the scope 

of the AOC 649 and 650 sampling efforts. 
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Table 9.9 
Zone H Conclusion Summary 

AOC 649, 650, and 651 

U-Wle Risk for Human 
~eslh i Resiamtial sc-o 

wm Chemicals Driviug Risk 

Surface Soil AOC 649 Yes, ILCR 3E-6 BEQs 

AOC 650 Yes, ILCR 6E-5 BEQs, Aroclor- 1254 

Shallow Groundwater See SWMU 9 NA 

Deep Groundwater See SWMU 9 N A 

Above Levels of Concern (YM) T Q ~  T%! fppb) 

Dioxin in Surface Soil AOC 649, No 8.381 pg/g 
AOC 650, NO 1.061-4.907 pg/g 2,3,7,8-TCDD 

equivalents 

Dioxin in Shallow Groundwater See SWMU 9 NA 

Dioxin in Deep Groundwater See SWMU 9 NA 

TPH Present at Concentmtiom Mzw~imum Mad4 

Soil Y 980 

Note: 
NA = Not Applicable 
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9.10 AOC 656 

AOC 656 is the site of an oil spill which occurred in 1974 between Buildings 602 and NS-71. 

This spill occurred as the result of a ruptured underground line connecting an 8,000-gallon AST 

to a boiler in Building NS-71. Of the 285 gallons released during the spill, 275 gallons were 

reportedly recovered. Soil sampling and groundwater sampling were completed at AOC 656 to 

determine the presence or absence of residual contamination resulting from the previous oil spill 

and other possible spills which may have occurred at the AST. 

BEQs were present in soil samples collected from AOC 656 at concentrations which identified 

them as site COCs. The concentration of these compounds, when equated to BAP, exceeded 

the RBSL for BAP. These concentrations were present around the perimeter of the current 

AOC 656 sampling pattern. The highest detected BEQ for PAHs (594 pglkg) was at sample 

location 656SB001. Two other RBSL-exceeding detections for BEQs were at 656SBOll and 

656SB009, BEQs were detected in one second-interval soil sample (656SB003). The BEQ 

concentration in this sample was below the RBSL for BAP. 

The total soil pathway risk for site residents and site workers was calculated as 4E-6 and 8E-7, 

respectively. The hazard index for surface soil pathways was below 1 for all receptor groups. 

The sole contributors to surface soil risk were BEQs. Table 9.10 summarizes human health risk 

assessment results. 

TPH contamination at AOC 656 is present at concentrations greater than the screening level in 

the immediate vicinity of the fuel oil AST. No TPH was detected between the AST and 

Building NS 71. The most heavily TPH-contaminated samples were collected within the berm 

around the AST. No TPH were detected in the second-interval samples. However, no second- 

interval samples were collected within the bermed area. 
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No ecological risk is anticipated for AOC 656 due to the lack of suitable habitat, and lack of 

ecological receptors. 

AOC 656 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident risk, and TPH concentrations. 

Figure 9.25 illustrates the distribution of risk in surface soils considering a residential scenario. 

Due to lack of sigxlificant risk in the industrial scenario and hazard in both the residential and 

industrial scenarios, none of these maps were prepared for AOC 656. 

The total shallow groundwater pathway risk at AOC 656 for site residents and site workers was 

calculated as 8E-6 and 9E-7, respectively. No noncarcinogenic COCs were identified for the 

shallow groundwater pathways. The sole contributors to shallow groundwater risk were 

2,3,7,8-TCDD equivalents; detected exclusively in (NBCH656001) first-quarter samples only. 

AOC 656 shallow groundwater is recommended for inclusion in the CMS process on the basis 

of projected resident and worker risk, and potential resident child hazard. Due to the 

hydrophobic nature of dioxins, they are not expected to migrate from soil to groundwater. It 

has been suspected that first-quarter results for dioxins may reflect the influence of sediment 

entrained in the monitored zone during we1 installation. Consideration of third and fourth- 

quarter results will confirm or refute the presence of both 2,3,7,8-TCDD equivalents in shallow 

groundwater. This review will facilitate responsible and sound risk management decisions. 

Furthermore, the maximum 2,3,7,8-TCDD equivalent concentration reported in shallow 

groundwater does not exceed the MCL (3E-8 mg/L). 

No fate and transport concerns were identified for AOC 656. 
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Table 9.10 
Zone H Conclusion Summary 

AOC 656 

unaceemle ~ - t a ~ s  far Human 
H d h  in Residentid % d o  

W/N) Chemicals Driving Risk 

Surface Soil Yes, ILCR 4E-6 BEQs 

Shallow Groundwater Yes, ILCR BE-6 2,3,7,8-TCDD equivalents 

Deep Groundwater NA 

Dioxin in Surface Soil No ND 

Dioxin in Shallow Groundwater No ND 

Dioxin in Deep Groundwater NA 

Soil Y 1,900 

Nore: 
NA = Not Applicable 
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9.11 AOC 653 

AOC 653 is in the vicinity of a hydraulic fluid storage tank located at the west end of 

Building 1508 (one of the four buildings which make up the automotive hobby shop complex). 

The tank is no longer in use due to suspected leakage. In addition to fluids in the tank, various 

paints, solvents, thinners, and petroleum products have been used and stored at the site and may 

also have been released. Soil and groundwater sampling were conducted at AOC 653 to 

investigate the presence of residual contamination resulting from the leaking tank and other 

possible spills. 

Results of TPH analysis for samples collected in the vicinity of the leaking hydraulic fluid 

storage tank indicate that petroleum hydrocarbon contamination is present at AOC 653. The 

highest concentration of TPH (42,000 mglkg) was at sample location 653SB003. The degree 

of contamination indicated by the concentration of petroleum hydrocarbon compounds was not 

reflected in the results of SW-846 method analyses for SVOCs and VOCs. Groundwater 

contamination was not apparent in the vicinity of the petroleum contamination of soil as 

evidenced by the VOC, SVOC, and TPH analyses. Apparently, little contamination from soil 

has migrated into the groundwater of the area. Figure 9.26 illustrates the distribution of TPH 

detected in surface soil samples coIlected at AOC 653. The screening level was exceeded in all 

four surface-interval samples. Only two second-interval samples were analyzed for TPH. Both 

samples contained TPH over the screening level (Figure 9.27). 

No ecological risk is anticipated for AOC 653 due to the lack of suitable habitat, and lack of 

ecological receptors. 

At AOC 653, the total soil pathway risk for site residents and site workers was calculated as 

9E-7 and 2E-7, respectively. No noncarcinogenic COCs were identified for soil pathways. 

AOC 653 surface soil is recommended for inclusion in the CMS process solely on the basis of 
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TPH concentrations. Table 9.1 1 summarizes human health risk assessment results. Due to the 

minimal riskhazard identified at AOC 653, no risWhazard maps have been prepared. 

The total shallow groundwater pathway risk for site residents and site workers was calculated 

as 8E-4 and 2E-4, respectively. The child resident hazard index was computed as 7, and the 

adult resident and site worker hazard indices were 3 and 1. The sole contributor to shallow 

groundwater risk and hazard was arsenic in NBCH653001. However, no arsenic hit was 

reported above the corresponding MCL. AOC 653 shallow groundwater is recommended for 

inclusion in the CMS process on the basis of projected resident and worker risk. However, if 

MCLs are strictly followed with respect to establishing groundwater remedial goals, no 

corrective measure would be required. 

No fate and transport concerns were identified for AOC 653. 

An interim measure, which involved the removal of the hydraulic fluid storage tank and 

associated impacted soil has been completed. The details of this interim action will be provided 

in a report prepared by the environmental detachment. 
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Table 9.11 
Zone H Conclusion Summary 

AOC 653 

Unacceptable RPgks for Human 
Health in Residential Scenario (Y/N) Chemicals Driving Risk 

Surface Soil 

Shallow Groundwater 

Deep Groundwater 

NO, ILCR < 1E-6 

Yes, ILCR 8E-4, HI =7 

NA 

Above Leveta of Concern (Y/N) Tow TEQ ( P P ~ )  

Dioxin in Surface Soil 

Dioxin in Shallow Groundwater 

Dioxin in Deep Groundwater 

3.071-43.571 pglg 
2,3,7,8-TCDD equivalents 

ND 

NA 

Soil Y 42,000 

Note: 
NA = Not Applicable 
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9.12 AOC 654 

AOC 654 is an abandoned septic tank and associated drain field connected to Building 661. It 

was used from 1968 until 1978 and was known to back up during periods of high use, resulting 

in the release of raw sewage. Soil sampling was conducted to determine the presence of 

contamination associated with materials possibly disposed of in the septic system. 

No formal human health risk assessment was warranted at AOC 654 because no CPSS was 

detected in site soil above both residential RBSLs and background concentrations. No 

hazardtrisk maps were prepared for AOC 654 surface soils. Table 9.12 summarizes the human 

health risk assessment results. 

AOC 654 is located in the only developed, non-inundated portion of subzone W-4. Therefore, 

most of the surface soils collected in H-4 were all located near AOC 654. Based on these 

surface soil samples and several sediment samples throughout the subzone, the primary 

ecological risk is to young, herbaceous vegetation from slightly elevated concentrations of 

inorganic constituents (primarily copper and zinc). 
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Table 9.12 
Zone H Conclusion Summary 

AOC 654 

Unacceptable Wks for Human 
Health in TteidentLl SeenPrio Cy/Nj Chemicals Driving RiFk 

Surface Soil No NA 

Shallow Groundwater See SWMU 9 NA 

Deep Groundwater See SWMU 9 N A 

~ h v e  Levels af Concern -tymr) TQM TEQ (PPW 

Dioxin in Surface Soil No 0.716 pg/g 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater See SWMU 9 NA 

Dioxin in Deep Groundwater See SWMU 9 NA 

TPH Present at Conwntratlom Maximum Detected 
.lo0 ppm OrfM Ccmdmtion (ppm) 

Soil N Not Detected 

Note: 
NA = Not Applicable 
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9.13 AOC 655 

AOC 655 is the site of a spill of approximately 300 gallons of No. 2 fuel oil. The spill occurred 

in 1985 when a fuel line within the boiler room of Building 656 ruptured. Approximately 

150 gallons of the spilled fuel escaped through a seam in the concrete floor of the building to 

the underlying soil. Fuel oil was supplied to the boiler room from a nearby 5,800-gallon UST 

which is also within the subject AOC. Soil and groundwater sampling were conducted at 

AOC 655 to assess the presence or absence of residual contamination resulting from the previous 

oil spill and other possible releases which may have occurred in the vicinity. 

As determined by soil sampling and subsequent risk assessment, four compounds or compound 

groups were responsible for risk present in surface soil at AOC 655. These compounds were 

Aroclor- 1254, Aroclor- 1260, dieldrin, and BEQs . 

Aroclor-1260 was present at AOC 655 at RBSL-exceeding concentrations. The majority of the 

detections of Aroclor-1260 are centered in the area of the UST and the transformer vault 

adjacent to Building 656 where piping from the UST enters the building. The highest 

concentration of Aroclor-1260 was at the UST in both the upper and lower-interval samples 

collected from boring 656SB001. No other Aroclor-1260 was detected in the second-interval 

samples. Concentrations of Aroclor-1260 decrease at surface soil sample locations away from 

the UST. 

Aroclor-1254 was detected at two soil borings at RBSGexceeding concentrations (655SBOOS and 

655SB004). The 655SB005 detection of Aroclor-1254 is only slightly above the RBSL of 

83 pglkg. At soil boring 655SB004, immediately adjacent to the transformer vault, 

Aroclor-1254 was present in the upper and lower-interval at 110 pg/kg and 180 pg/kg, 

respectively. This soil boring is surrounded by sample locations where no Aroclor-1254 was 

detected. No other second-interval samples contained Aroclor-1254. 
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Dieldrin was present in two soil samples at RBSL-exceeding concentrations (655SB00502 and 

655SB00701). The dieldrin concentration in the second-interval sample at 655SB005 was only 

slightly above dieldrin's RBSL (44 pg/kg). The concentration of dieldrin in the upper-interval 

sample at 655SB007 was considerably higher (360 pglkg). However, this detection was in the 

open-air alcove of Building 656 where it was likely used as an insecticide. No other soil sample 

collected at AOC 655 contained RBSL-exceeding concentrations of dieldrin. 

BEQs were present in one soil sample (655SSGC9) collected from AOC 655 at concentrations 

which resulted in their identification as site COCs. The concentration of these compounds, when 

equated to BAP, exceeded the RBSL for BAP. The 655SSGC9 sample contained a BEQ 

concentration of 3,590 ,ug/kg. The sample location is at the edge of the current sampling 

pattern. BEQs were not detected in any second-interval sample collected at AOC 655. 

At AOC 655, the total soil pathway risk for site residents and site workers was calculated as 

3E-5 and 6E-6, respectively. The soil pathway hazard indices for all receptor groups were 

below 0.1. The primary contributors to surface soil risk were BEQs, Aroclor-1254, 

Aroclor-1260, and dieldrin. Table 9.13 summarizes human health risk assessment results. 

Figure 9.28 illustrates the distribution of risk considering a residential scenario for AOC 655. 

Three areas (based on three sample locations) were identified that presented risk in the range 

between 1E-5 and 1E-4. The majority of the sampled area presented a risk of between 1E-6 and 

1E-5. 

Considering an industrial scenario at AOC 655 (Figure 9.29), only one sample location presented 

risk in the 1E-5 to 1E-4 range and only a small portion of the sampled area presented risk in the 

1E-6 to 1E-5 range. 
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Due to lack of significant hazard in both the residential and industrial scenarios, no hazard maps 

for AOC 655 were prepared. 

TPH contamination in excess of the screening level is present in the vicinity of the fuel oil UST 

and the piping leading from the UST into Building 656. The highest concentration of TPH 

detected at AOC 655 was 120 mglkg. TPH concentrations drop to below the screening level 

in all directions away from the fuel oil UST. TPH was detected in three second-interval soil 

samples collected at AOC 655. One second-interval sample (655SB00402) contained TPH at 

a concentration which exceeded the screening level. 

No ecological risk is anticipated for AOC 655 due to the lack of suitable habitat and lack of 

ecological receptors. 

AOC 655 surface soil is recommended for inclusion in the CMS process on the basis of site 

resident and site worker risk as well as TPH concentrations. 

The total shallow groundwater pathway risk for site residents and site workers was calculated 

as 1E-3 and 2E-4, respectively. The child resident hazard index was computed as 9, and the 

adult resident and site worker hazard indices were 4 and I. The contributors to shallow 

groundwater risk and hazard were arsenic (NBCH655002 and NBCH655003) and chlordane 

(NBCH655002). Each was detected in at least one well during both quarterly sampling events. 

No arsenic or chlordane (sum of alpha and gamma isomers) was reported above their 

corresponding MCLs (0.05 and 0.002 pgll). AOC 655 shallow groundwater is recommended 

for inclusion in the CMS process on the basis of projected resident and worker risk and hazard. 

However, if MCLs are strictly followed with respect to establishing groundwater remedial goals, 

no corrective measures would be required. 

No fate and transport concerns were identified for AOC 655. 
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Table 9.13 
Zone H Conclusion Summary 

AOC 655 

Unacceptable R.i& for Human 
H d h  in R e f i m  Scenario 

fY/N) Chemicals Driving Risk 

Surface Soil Yes, ILCR 3E-5 BEQ, Aroclor-1254 and 1260, 
Dieldrin 

Shallow Groundwater Yes, ILCR 1E-3 As, Chlordane 

Deep Groundwater NA NA 

- - 

Dioxin in Surface Soil 0.81 pglg 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater No ND 

Dioxin in Deep Groundwater N A NA 

Soil Y 120 

Note: 
NA = Not Applicable 
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9.14 AOC 659 

AOC 659 is the site of a 30,000-gallon steel AST used to store diesel fuel from 1958 until 1990. 

The tank, located between Hobson Avenue and Dyess Avenue, is surrounded by a 5-foot-high 

earthen berm. The tank is no longer in service. Soil sampling was conducted at AOC 659 to 

evaluate the presence or absence of contamination associated with the AST. 

TPH contamination was present within the bermed area surrounding the AST. The higher 

concentrations of TPH were detected in three of the four lower-interval samples. No samples 

were collected outside of the bermed area. 

Figure 9.30 illustrates the distribution of TPH in the surface soil samples collected at AOC 659. 

The northern two of the four samples contained TPH at concentrations over the screening level. 

Three of the locations produced second-interval samples that contained greater than screening 

levels of TPH (Figure 9.31). 

No ecological risk is anticipated for AOC 659 due to the lack of suitable habitat and lack of 

ecological receptors. 

No risk or hazard based surface soil COCs were identified at AOC 659. No hazardlrisk maps 

were prepared for AOC 659. AOC 659 surface soil is recommended for inclusion in the CMS 

process on the basis of the TPH screening level exceedance. No groundwater monitoring was 

performed in conjunction with the AOC 659 RFI. Table 9.14 summarizes human health risk 

assessment results. 

Additional soil sampling will be necessary in the vicinity of the AST to define the extent of 

petroleum hydrocarbon contamination. 

No fate and transport concerns were identified for AOC 659. 
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Table 9.14 
Zone H Conclusion Summary 

AOC 659 

Uweeptable W&B far Human 
He&h in R e s i d e d  S c d o  

w'w Chmicais Driving Risk 

Surface Soil No NA 

Shallow Groundwater NA NA 

Deep Groundwater NA NA 

Above Lev& of Concern @!IN) Total TEQ (ppb) 

Dioxin in Surface Soil No 0.738 pgfg 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater NA 

Dioxin in Deep Groundwater NA 

Soil Y 15,000 

Note: 
NA = Not Applicable 
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9.15 AOC 660 

In the 1950s, AOC 660 was an area used for the storage, mixing, and rinsing of pesticides 

associated with mosquito control activities. AOC 660 is currently an asphalt parking lot 

immediately west of Building NS-53. Soil and groundwater sampling were conducted at 

AOC 660 to determine the presence or absence of contamination resulting from pesticide 

handling activities or other releases at the site. 

No risk or hazard based surface soil or shallow groundwater COCs were identified at AOC 660, 

No riskthazard maps were prepared for AOC 660. Table 9.15 summarizes human health risk 

assessment results. 

No fate and transport concerns were identified for AOC 660. 

No ecological risk is anticipated for AOC 660 due to the lack of suitable habitat, and lack of 

ecological receptors. 
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Table 9.15 
Zone H Conclusion Summary 

AOC 660 

Unacceptable Eisb far Hman 
Health in Residential Scenario 

WNf Chemicais Driving Risk 

Surface Soil No NA 

Shallow Groundwater No NA 

Deep Groundwater N A NA 

Above Levels d Confern (YN Tow TEQ IPPW 
Dioxin in Surface Soil No 2.61 pglg 2,3,7,8-TCDD 

equivalents 

Dioxin in Shallow Groundwater No N A 

Dioxin in Deep Groundwater No NA 

Soil N Not Detected 

Note: 

NA = Not Applicable 
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9.16 AOC 662 

AOC 662 is the site of a former gasoline service station and possible billeting office. The site 

was used as a service station for an unknown duration beginning in 1958. The site was 

subsequently converted and is currently a non-hazardous material storage area. Two 

unregistered steel USTs may remain at the site. Soil and groundwater sampling were completed 

at AOC 662 to determine the presence or absence of contamination resulting from gasoline 

storage and dispensing from the USTs or other releases at the site. 

No risk or hazard based surface soil or shallow groundwater COCs were identified at AOC 662. 

No risWhazard maps were prepared for AOC 662. Table 9.16 summarizes the results of the 

AOC 662 human health risk assessment. 

No fate and transport concerns were identified for AOC 662. 

No ecological risk is anticipated for AOC 662 due to the lack of suitable habitat, and lack of 

ecological receptors. 

An interim measure, which involved the removal of an underground storage tank has been 

completed. The details of this interim action will be provided in a report prepared by the 

environmental detachment. 
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Table 9.16 
Zone H Conclusion Summary 

AOC 662 

Surface Soil No NA 

Shallow Groundwater No NA 

Deep Groundwater NA NA 

Above Lev& oP Concm @W Total TEQ (PPM 

Dioxin in Surface Soil No 0.66 pg/g 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater No NA 

Dioxin in Deep Groundwater No NA 

soil N Not Detected 

Note: 
NA = Not Applicable 
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9.17 AOC 663 and SWMU 136 

AOC 663 and SWMU 136, because of their proximity, have been investigated together. 

AOC 663 is an active diesel pumping station at Budding 851. It has been active since 1983 and 

contains two 500-gallon USTs and five flammable storage lockers. The flammable lockers 

located along the west side of the facility store hazardous material from adjacent buildings. 

SWMU 136 is a SAA that receives hazardous waste from both Buildings 85 1 and NS-53. Soil 

and groundwater sampling were conducted at AOC 663 and SWMU 136 to determine the 

presence or absence of contamination resulting from diesel fuel storage and dispensing from the 

USTs or other releases at the sites. 

Three inorganic elements were identified as COCs at AOC 663/SWMU 136: aluminum, 

arsenic, and vanadium. Three organic compounds or compound groups were identified as 

COCs: 4,4'-DDE, Aroclor-1254, and BEQs. 

The upper-interval soil sample at boring location 136SB004 was the only location that 

RSSWUTL-exceeding concentrations of aluminum and vanadium were present. Neither of these 

elements were present in other AOC 663lSWMU 136 samples at RBSLIUTL-exceeding 

concentrations. The 136SB004 soil boring location is at the southeastern corner of the current 

sampling pattern. Aluminum was detected in three second-interval samples at less than 

RBSLiUTL concentrations. Vanadium was detected in three second-interval samples at less than 

RBSL/UTL concentrations. 

Arsenic was present in UTL-exceeding concentrations in two soil samples (136SB004 and 

663SB007). The 136SB004 sample location is on the edge of the current sampling pattern. 

Arsenic was detected in three second-interval samples at less than RBSLIUTL concentrations. 



Final RCRA Facility Investigation Report for Zone H 
NA WASE Chrlesron 
Section 9: Conclusions 
June 24, 1997 

One sample contained 4,4'-DDE at a RBSL-exceeding concentration (663SB004). Soil samples 

collected at locations surrounding 663SB004 contained less-than-RBSL concentrations or were 

non-detect for 4,4'-DDE. 4,4'-DDE was not detected in any second-interval sample. 

Aroclor-1254 was present in only one soil sample collected at AOC 663lSWMU 136. This 

detection for Aroclor-1254 was for 695 pglkg in the upper-interval sample at 136SB002. The 

extent of Aroclor-1254 is confined to the immediate vicinity of 136SB002 since none of the 

samples from adjacent borings contained Aroclor-1254. Aroclor-1254 was not detected in any 

second-interval sample, 

BEQs were present in soil samples collected from AOC 663 and SWMU 136 at concentrations 

which resulted in their identification as site COCs. The concentration of these compounds, when 

equated to BAP, exceeded the RBSL for BAP. BEQs were present at five sampling locations 

at BEQ concentrations exceeding the RBSL for BAP. Two samples contained considerably 

higher BEQ concentrations (663SB007 and 1 3 6 3 ~ 2 ) .  These sample locations were along the 

fence east of Building 1818. BEQs were only detected in one second-interval sample. The BEQ 

concentration in this deeper sample was considerably lower than the RBSL for BAP. 

At combined AOC 663lSWMU 136, the total soil pathway risk for site residents and site 

workers was calculated as 1E-4 and 2E-5, respectively. The child hazard index computed for 

soil pathways was 2. The hazard indices for adult residents and site workers were below 0.3. 

The primary contributors to surface soil risk were BEQs and arsenic. Other contributors 

included Aroclor-1254 and 4,4'-DDE. Table 9.17 summarizes human health risk assessment 

results. 

Figure 9.32 illustrates the distribution of risk in surface soil considering a residential scenario 

at AOC 663lSWMU 136. Risk at one sample location (663SB007) exceeded 1E-4 (driven by 

BEQs). The remainder of the sampled area exhibited risk in the range of 1E-5 to 1E-4. 
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Figure 9.33 illustrates the distribution of risk in surface soil considering an industrial scenario. 

Risk at one sample location (663SB007) exceeded 1E-5. The remainder of the sampled area 

exhibited risk in the range of 1E-5 to 1E-6. 

Figure 9.34 illustrates the distribution of hazard in surface soil considering a residential scenario. 

Two sample locations (136SB002 and 136SB004) identified hazard greater than an HI of 1 .O. 

The HI for the remainder of the sampled area was below 1.0. 

TPH contamination is present at concentrations exceeding the screening level in the vicinity of 

Building 1818. TPH in this area is apparently concentrated in the upper soil sampling-interval; 

however, lower-interval samples were collected from only 2 of the 5 soil sample locations with 

TPH analysis. TPH concentrations decreased in the east and west directions away from 

Building 1818. TPH presence was not assessed in the north and south directions away from the 

Building 1818 area. No detections of TPH at AOC 663 and SWMU 136 exceeded the screening 

level by more than a factor of two. 

No ecological risk is anticipated for AOC 663lSWMU 136 due to the lack of suitable habitat, 

and lack of ecological receptors. 

Combined AOC 663lSWMU 136 surface soil is recommended for inclusion in the CMS process 

on the basis of projected resident and site worker risk, child resident hazard and TPH 

concentrations. 

The total shallow groundwater pathway risk for site residents and site workers were calculated 

as 1E-4 and 4E-5, respectively. The hazard indices for resident children, resident adults and 

site worker were 40, 18, and 6, respectively. The primary contributors to shallow groundwater 

risk and hazard were benzene (NBCH663002), and 2,3,7,8-TCDD equivalents (NBCH663001). 

AOC 663fSWMU 136 shallow groundwater is recommended for inclusion in the CMS process 
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on the basis of projected resident and worker risk and hazard. Due to the hydrophobic nature 

of dioxins, they would not be expected to migrate from soil to groundwater. It has been 

suspected that first-quarter results for these compounds may reflect the influence of sediment 

entrained in the monitored zone during well installation. Consideration of third and 

fourth-quarter results will C O ~ I T ~ ~  or refute the presence of 2,3,7,8-TCDD equivalents in deep 

groundwater. This review will facilitate responsible and sound risk management decisions. 

Furthermore, the maximum 2,3,7,8-TCDD equivalent concentration reported in shallow 

groundwater does not exceed the MCL (3E-8 mg/L). 

No fate and transport concerns were identified for AOC 663 and SWMU 136. 

Table 9.17 
Zone H Conclusion Summary 

AOC 663 and SWMU 136 

Surface Soil Yes, ILCR 1E-4, HI=2 BEQ, As, Aroclor-1254, 

Shallow Groundwater Yes, ILCR 1E-4, HI=34 Benzene, 2,3,7,8-TCDD 
equivdents 

Deep Groundwater NA NA 

Dioxin in Shallow Groundwater Yes 

equivalents 

1.328 pgll 2,3,7,8-TCDD 
equivalents 

Dioxin in Deep Groundwater NA NA 

TPH Resent af Concentrations MaximumDetectd 
>IOQ p p  W/N) Concentration (ppm) 

~ - 

Soil Y 190 

Note: 
NA = Not Applicable 
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9.18 AOC 665 

AOC 665 is a former shed used to store unknown pyrotechnics from 1943 until its demolition 

at an unknown date. Currently Buildings 1889 and NS-46 are on the site where the pyrotechnic 

shed was located. Soil sampling was completed at AOC 665 to determine the presence or 

absence of residual contamination associated with the former storage facility. 

BEQs were present in one soil sample (665SB002) collected at AOC 665 at concentrations which 

resulted in their identification as site COCs. The concentration of these compounds, when 

equated to BAP, exceeded the RBSL for BAP. The BEQ concentration of this sample was less 

than twice the RBSL. No BEQs were detected in second-interval samples. 

No ecological risk is anticipated for AOC 665 due to the lack of suitable habitat, and lack of 

ecological receptors. 

At AOC 665, the total soil pathway risk for site residents and site workers was calculated as 

2E-6 and 5E-7, respectively. No noncarcinogenic COCs were identified for soil pathways. The 

sole contributors to surface soil risk were BEQs. Table 9.18 summarizes human health risk 

assessment results. 

Figure 9.35 illustrates the distribution of risk considering a residential scenario at AOC 665. 

Given the minimal sampling pattern, there was little potential to map distribution of risk. 

However, at two locations there were carcinogenic COCs identified, and at the other two 

locations, no carcinogenic COCs were identified. 

Due to lack of significant risk in the industrial scenario and hazard in both the residential and 

industrial scenarios, none of these maps were prepared for AOC 665. 
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TPH contamination is present at greater than the screening level of 1 0  mg/kg in the 

upper-interval sample from one soil boring at AOC 665 (665SB002). The concentration of TPH 

contamination in this sample was 200 mg/kg. No additional samples for TPH analysis were 

collected. TPH was not detected in second-interval samples. 

No groundwater monitoring was performed in conjunction with the AOC 665 RFI. AOC 665 

surface soil is recommended for inclusion in the CMS process on the basis of projected resident 

risk, and TPH concentration. 

No fate and transport concerns were identified for AOC 665. 

Subsequent to initial RFI review, additional samples have been proposed for collection. Final 

conclusions for this site are pending. An addendum to this report will be submitted which 

contains the results of the additional sampling and CMS recommendations. 
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Table 9.18 
Zone H Conclusion Summary 

AOC 665 

UaaceeptaMe Wdcs far Human Chemicals Driving Risk 
Halth in Residential Scenario 

v/N) 

Surface Soil Yes, ILCR 2E-6 BEQ 

Sh Jlow Groundwater NA NA 

Deep Groundwater NA NA 

-- 

Dioxin in Surface Soil No ND 

Dioxin in Shallow Groundwater NA NA 

Dioxin in Deep Groundwater NA NA 
-- 

TPR Present L- ,,,.,-, ,.., =.=MIL-- - -- ---- 
> ~ 0 0  PP @/N) Concentration (ppm) 

Soil Y 200 

Note: 
NA = Not Applicable 
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9.19 AOC 667 and SWMU 138 

AOC 667 and SWMU 138, bemuse of their proximity, were investigated as one site. AOC 667, 

the vehicle maintenance area, is a two-story brick structure (Building 1776) which houses an 

oil-water separator. The site is used for the routine maintenance of automobiles and heavy 

equipment, including oil changes and repairing hydraulic parts from the equipment. The site 

uses a 550-gallon portable storage tank to store waste oil. Numerous oil stains have been noted 

around the building. SWMU 138, the SAA related to Building 1776, is used to store hazardous 

waste in 55-gallon drums which are transferred to a permitted hazardous waste storage facility. 

Soil and groundwater sampling were completed at AOC 667 and SWMU 138 to determine the 

presence or absence of contamination resulting from petroleum product storage and dispensing, 

or from other releases at the sites. 

At AOC 667lSWMU 138, the total soil pathway risk for site residents and site workers was 

calculated as 6E-7 and 1E-7, respectively. No noncarcinogenic COCs were identified for soil 

pathways. The sole contributors to surface soil risk were BEQs, No risWhazard maps were 

prepared for AOC 667lSWMU 138. 

TPH analysis was conducted on two samples (667SB00201 and 138SB00201) from the AOC 667 

and SWMU 138 area. Both samples contained TPH at concentrations which exceeded the 

screening level. 

Figure 9.36 illustrates the distribution of TPH detected in surface soil at AOC 667 and 

SWMU 138. Both samples contained TPH at concentrations above the screening level. No 

second-interval samples were analyzed for TPH. 

No ecological risk is anticipated for AOC 667 and SWMU 138 due to the lack of suitable 

habitat, and lack of ecologica1 receptors. 
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No groundwater COPCs were identified based on tap water RBSL and background comparison. 

Combined AOC 667fSWMU 138 surface soil is recommended for inclusion in the CMS process 

solely on the basis of TFW concentrations. Table 9.19 summarizes human health risk assessment 

results. 

No fate and transport concerns were identified for AOC 667 and SWMU 138. However, 

additional groundwater data is to be collected in the AOC 667/SWMU 138 area. This decision 

was made subsequent to the RFI when it was observed that a downgradient well in Zone I 

contained a contaminant that was detected in an AOC 667lSWMU 138 well. Direct push 

technology samples are to be collected downgradient of AOC 667iSWMU 138 during the 

Zone L RFI. The final results of this additional sampling effort and resultant CMS 

recommendations will be submitted in an addendum to this RFI report. 

Table 9.19 
Zone H Conclusion Summary 

AOC 667 and SWMU 138 

Unacceptable IUsks for Human 
Health in Residential Scenario 

mm Chemicals Ihiving Risk 
-- 

Surface Soil No N A 

Shallow Groundwater No NA 

Deep Groundwater NA N A 

Above Levels of Concern flm Total TEQ (ppb) 

Dioxin in Surface Soil 2.041-6.689 pglg 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater No NA 

Dioxin in Deep Groundwater No NA 

TPH Present at Concentrations Maximum DetRcted 
>I00 p p  W/N) Concentration (ppm) 

Soil 

Note: 
NA = Not Applicable 
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9.20 AOC 666 

AOC 666 is the area around a UST (NS-45) which supplies fuel oil to the adjacent heating plant 

(NS-44). The exact capacity of the UST is unknown. The site was constructed in 1958 and the 

surrounding area was an airstrip prior to that date. AOC 666 is approximately 10 feet by 

30 feet, surrounded by railroad ties. Soil and groundwater sampling were completed at 

AOC 666 to determine the presence or absence of contamination resulting from fuel oil storage 

and dispensing from the UST or other releases at the site. 

Arsenic, vanadium, Aroclor-1260, N-nitroso-di-n-propylamine, and BEQs were identified as 

COCs in surface soil at AOC 666. 

BEQs were present in soil samples collected at AOC 666 at concentrations which resulted in 

their identification as site COCs. The concentration of these compounds, when equated to BAP, 

exceeded the RBSL for BAP. BEQs were detected at two soil boring locations at AOC 666. 

A BEQ concentration of 214 pg/kg was present in the upper-interval sample from 666SB001. 

At sample location 666SB002 BEQ concentrations of 1,469 pg/kg and 1,750 pg/kg were present 

in the upper and lower-interval samples, respectively. Both soil sample locations with BEQ 

detections are on the eastern edge of the current sampling pattern. 

N-nitroso-di-n-propylamine was only detected in the upper-interval at soil boring 666SB007. 

This sample location is on the north corner of the current sampling pattern. 

Aroclor-1260 was detected in one soil sample (666SB005) collected at AOC 666. The 

concentration of Aroclor-1260 in this sample (88.4 pgikg) was only slightly above the RBSL 

(83 pglkg). 

Arsenic was detected at RBSLIUTL-exceeding concentrations at two AOC 666 surface soil 

sample locations (666SB002 and 666SB004). Both sample locations are on the edge of the 
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current sampling pattern. Arsenic was detected in three second-interval samples; however, the 

concentration of arsenic in these samples was less than the RBSL and interval-specific UTL. 

Vanadium was detected at RBSWUTL-exceeding concentrations at four of seven soil boring 

locations. The highest detected vanadium concentration was at soil boring location 666SB007. 

Vanadium was detected in six second-interval soil samples. The vanadium detection in the 

second-interval sample at 666SB007 exceeded the WSL and interval-specific UTL. The 

vanadium detection in the second-interval sample at 666SB005 exceeded the RBSL but not the 

interval-specific UTL. All other second-interval vanadium detections were less than the RBSL 

and interval-specific UTL. 

At AOC 666, the total soil pathway risk for site residents and site workers was calculated as 

1E-4 and 2E-5, respectively. The child hazard index computed for soil pathways was 2. The 

hazard indices for adult residents and site workers were below 0.3. The primary contributors 

to surface soil risk were BEQs, N-nitroso-di-n-propylamine, and arsenic. The only other 

significant contributor was Aroclor- 1260. Table 9.20 summarizes human health risk assessment 

results. 

Figure 9.37 illustrates the distribution of risk in surface soil considering a residential scenario 

at AOC 666. Soil samples collected from locations 666SB004 and 666SB002 resulted in the 

identification of risk above 1E-4. Sample locations 666SB001 and 666SB005 produced samples 

which identified presence of risk in the range of 1E-5 to 1E-4. Risk identified at the remaining 

sample locations was below IE-5. 

Figure 9.38 illustrates the distribution of risk in surface soil considering an industrial scenario 

at AOC 666. An area in the central portion of the sampled area exhibits risk in the range of 

1E-5 to 1E-4. The remainder of the site exhibits risk below 1E-5. 
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Figure 9.39 illustrates the distribution of hazard in surface soil considering a residential scenario 

at AOC 666. Sample location 666SB004 presented the most significant hazard (HI between 3.0 

and 10.0). Sample location 666SB002 was the only other location exhibiting hazard above a HI 

of 1.0. 

Due to lack of significant hazard identified in the industrial scenario at AOC 666, no industrial 

hazard map was prepared. 

TPH contamination was present at concentrations exceeding the screening levels in the vicinity 

of the UST at AOC 664. The highest TPH detections were in the lower-interval samples at 

666SB002 (16,000 mglkg) and 666SB004 (2,100 mg/kg) . 

No ecological risk is anticipated for AOC 666 due to the Iack of suitable habitat, and lack of 

ecological receptors. 

AOC 666 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident and site worker risk, child resident hazard, and TPH concentrations. 

No fate and transport concerns were identified for AOC 666. 

The total shallow groundwater pathway risk for site residents and site workers were calculated 

as 7E-5 and 2E-5, respectively. No hazard indices were computed for the groundwater 

pathways. The primary contributors to shallow groundwater risk were chloromethane and vinyl 

chloride. Both were detected exclusively in one first-quarter shallow groundwater sample 

(NBCH666001). AOC 666 shallow groundwater is recommended for inclusion in the CMS 

process on the basis of projected resident and worker risk. Because neither shallow groundwater 

COC was detected in second-quarter groundwater samples, uncertainty remains regarding the 

potential chronicity of exposure through shallow groundwater pathways. Consideration of third 
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and fourth-quarter results will c o d i  or refute the presence of chloromethane and vinyl 

chloride in shallow groundwater. This review will facilitate responsible and sound risk 

management decisions. 

Table 9.20 
Zone H Conclusion Summary 

AOC 666 

Surface Soil Yes, ILCR 1E4, HI=2 BEQ, N-nitroso-di-n-propylamine, 
As, Aroclor- 1260, V 

Shallow Groundwater Yes, ILCR 7E-5 Vinyl chloride, chloromethane 

Deep Groundwater NA NA 

Above Levels of Concern fY!N) Tow TEQ fppb) 

Dioxin in Surface Soil 5.42 pglg 2,3,7,8-TCDD 
equivalents 

Dioxin in Shallow Groundwater No NA 

Dioxin in Deep Groundwater NA NA 

Soil 

Note: 
NA = Not Applicable 
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9-21 SWMU 159 

SWMU 159, located near Building 665 in the south-central portion of Zone H, is a former SAA 

which temporarily accumulated and stored hazardous materials. Materials stored at the site 

included batteries, aerosol cans, and paint waste. An AST containing diesel fuel, a can crusher, 

and scattered debris are also at the SWMU. 

Soil, sediment, and surface water were sampled to assess any residual contamination from the 

former storage area. 

BEQs were present in one soil sample (159SBOll) collected from SWMU 159 at concentrations 

which resulted in their identification as site COCs. The concentration of BEQs, when equated 

to BAP, exceeded the RBSL for BAP. The BEQ concentration in the upper-interval sample at 

this location was 127 pg/kg, less than twice the RBSL of 88 pglkg. This soil boring location 

is surrounded by boring locations which yielded samples with less-than-RBSL BEQ 

concentrations or were nondetect for BEQs. BEQs were detected in one second-interval sample; 

however, the BEQ concentration in this sample was less than the RBSL for BAP. 

At SWMU 159, the total soil pathway risk for site residents and site workers was calculated as 

2E-6 and 5E-7, respectively. The child hazard index computed for soil pathways was 0.4. The 

hazard indices for adult residents and site workers were below 0.1. The sole contributors to 

surface soil risk were BEQs. Table 9.21 summarizes human health risk assessment results. 

Figure 9.40 illustrates the distribution of risk in surface soil considering a residential scenario. 

Only one sample location presented risk above 1E-6 (159SB008). Due to lack of significant risk 

in the industrial scenario and hazard in both the residential and industrial scenarios, none of 

these maps were prepared for SWMU 159. 
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TPH contamination was present at SWMU 159 at concentrations exceeding the screening level. 

Samples with TPH concentrations exceeding the screening level were concentrated in the vicinity 

of 159SB012, 159SB008, and 159SB010. Sample data points away from the above-listed soil 

borings exhibited TPH concentrations less than the screening level. 

This SWMU is included in the ERA for subzone H-2. Based on surface soil and sediment 

samples collected throughout H-2 (which also includes SWMU 121 and AOC 503), the primary 

ecological risk to infaunal invertebrates, terrestrial organisms, vegetation and aquatic wildlife 

is from inorganic constituents (zinc, arsenic, copper, mercury, cadmium, manganese, and lead) 

(See Figures 7.8, 7.9, and 7.10). The two sediment samples collected in association with this 

SWMU also exhibited high concentrations of metals as well as SVOCs. These sediments were 

collected in drainage ditches which, based on their size and frequent dryness, could not support 

nor pose a significant risk to site-specific aquatic wildlife. Based on observed concentrations, 

however, risk may exist to downgradient communities in H-2 and H-4, and possibly aquatic 

wildlife in Shipyard Creek. 

SWMU 159 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident risk and TPH concentrations. No groundwater monitoring was performed in 

conjunction with the SWMU 159 RFI. 

Sediment exposures were evaluated based on an adolescent trespasser scenario. The total 

sediment pathway risk for the adolescent trespasser was calculated at 9E-7. Arsenic was the 

primary contributor for both pathways. 

Petroleum hydrocarbons (as indeterminate lubricating oil) were detected in SWMU 159 sediment 

above the screening level of 100 mglkg. SWMU 159 sediment is recommended for inclusion 

in the CMS process solely on the basis of TPH concentrations. 
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Qualitative evaluation of the surface soil to sediment migration pathway provided evidence that 

an erosion mechanism is a significant process for SWMU 159. Many constituents detected in 

surface soil were also detected in sediment. This migration pathway is significant relative to 

ecological impacts to the tidal estuary located adjacent to this site. 

An interim measure has been conducted to remove surface soil and mitigate the impact to 

sediment. The details of this interim measure will be included in a report prepared by the 

environmental detachment. 

Even though contaminant levels were below generic soil screening levels, groundwater sampling 

will be performed as part of the SWMU 159 CMS to ascertain whether there has been impact 

to groundwater. 

Table 9.21 
Zone H Conclusion Summary 

SWMU 159 

Surface Soil 

Sediment 

Shallow Groundwater 

Deep Groundwater 

. . . -. - - 

Unacceptable Risks for Human 
Health in Residential Scenario 

WIN) Chemicals Driving Risk 

Yes, ILCR 2E-6 BEQ 

No NA 

NA NA 

NA NA 

Above LeveL of Concern ( Y N  Total TEQ (ppb) 

Dioxin in Surface Soil 

Dioxin in Shallow Groundwater 

Dioxin in Deep Groundwater 

3.887-9.014 pg/g 2.3,7.8-TCDD 
equivalents 

NA 

NA 

TPH Present at Concentrations Maximum Detected Concentration 
> 100 ppm (YIN) ( P P ~ )  

Soil 

Note: 
NA = Not Applicable 



Final RCRA Facility Investigation Report for Zone H 
NA WASE Charleston 
Section 9: Conclusions 
June 24, 1997 

This page intentionally left blank. 





Final RCRA Facility Investigation Report for Zone H 
NA VBASE Charleston 

Section 9: Conclusions 
June 24, 1997 

9.22 Other Impacted Areas 

GO7 and 638 

The grid based soil samples GDHSB00701 and GDHSB03801 contained 2,600 and 4,000 pglkg 

of Aroclor-1260, respectively. The GDHSB038 sample from the second-interval also contained 

Aroclor-1260 at a concentration (290 pglkg) above the RBSL, Sample GDHSB00701 was 

collected from an area approximately 70 feet northwest of Building 644 and sample 

GDHSB03801 was collected from an area approximately 85 feet southeast of Building 84. 

Additional sampling performed in the immediate vicinity of these two grid samples also yielded 

detections of Aroclor-1260 which exceeded the RBSL. 

Three soil boring locations (GDHSB007, G38SB003, and G07SB001) within the sampling pattern 

of the G38 and GO7 area yielded samples with RBSL-exceeding BEQ concentrations. 

No ecological risk is anticipated for OIA GO7 and G38 due to the lack of suitable habitat, and 

lack of ecological receptors. 

For the area of (307, total soil pathway risk for site residents and site workers was calculated 

as 6E-5 and 1E-5, respectively. No noncarcinogenic COCs were identified for the surface soil 

pathways. The primary contributor to risk was ArocIor-1260 with BEQ responsible for the 

remainder. Area GO7 surface soil is recommended for inclusion in the CMS process on the 

basis of projected resident and site worker risk. 

For the area of G38, total soil pathway risk for site residents and site workers was calculated 

as 7E-5 and 2E-5, respectively. No hazard indices were computed for the surface soil COPCs. 

The primary contributor to risk was Aroclor-1260 with BEQ responsible for the remainder. 

Area G38 surface soil is recommended for inclusion in the CMS process on the basis of 

projected resident and site worker risk. 
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Figure 9.41 illustrates the distribution of risk in surface soil considering a residential scenario 

in the vicinity of OIAs GO7 and G38. The centrd portion of the sampled area exhibits risk 

between 1E-5 and 1EQ. The remainder of the sampled area exhibits risk less than 1E-6. 

Figure 9.42 illustrates the distribution of risk in surface soil considering an industrial scenario. 

This distribution is similar to the residential scenario except that the risk present at G38SB003 

drops down to the 1E-6 to IE-5 range resulting in two separate areas exhibiting risk in the range 

of 1E-5 to 1E-4. 

No hazard was identified in the OIA GO7 and G38 area; therefore, no hazard maps were 

produced. 

680 

During the construction of deep monitoring well NBCHGDHWD, which is located 

approximately 70 feet south of the intersection of Hobson Avenue and West Osprey Street, a 

piece of treated timber (possibly old piling) was removed from the borehole. Analytical results 

for the soil sample collected from this borehole reflected significant concentrations of SVOCs. 

Additional soil samples collected in the vicinity of the borehole did not reflect the degree of 

contamination identified in the borehole. However, the soil samples were not coilected at the 

same depth as the sample from the borehole. Analysis of groundwater from the shallow well 

located approximately 10 feet from the borehole that was the source of the contaminated soil 

sample also did not report the chemicals identified in the soil sample, nor did groundwater 

analysis from the deep well. Apparently, the analytical results for the soil sample collected 

while drilling the deep borehole represent a very isolated area of contamination, likely centered 

around an old treated piling. Furthermore, as evidenced by the shallow groundwater sample 

results, contamination has apparently not significantly migrated from the piling into the 

surrounding groundwater. 
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Two soil boring locations within the sampling pattern of the G80 area, which was established 

around the location where the heavily contaminated sample was collected, yielded samples with 

RBSL-exceeding BEQ concentrations. However, both BEQs were within two times the RBSL 

for BAP. 

No ecological risk is anticipated for OIA G80 due to the lack of suitable habitat, and Iack of 

ecoIogica1 receptors. 

For the G80 area total soil pathway risk for site residents and site workers was calculated as 

4E-6 and 9E-7, respectively. No noncarcinogenic COCs were identified for the surface soil 

pathways. The sole contributors to risk were BEQs. Area G80 surface soil is recommended 

for inclusion in the CMS process on the basis of projected resident risk. Figure 9.43 illustrates 

the risk identified through samples collected in the vicinity of OIA G80. Given the minimal 

sampling pattern, there was little potential to map distribution of risk. However, at three 

locations there were carcinogenic COCs identified that produced risk greater than 1E-6. At the 

remaining two, either no carcinogenic COCs were identified or risk was less than 1E-6. 

Due to lack of significant risk in the industria1 scenario and hazard in the residential and 

industrial scenarios, none of the maps were produced for OIA G80. 

No fate and transport concerns were identified for OIAs G07fG38 and G80. 
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9.23 AOC 503 and AOC 661 

AOC 503 (Unexploded Ordnance Site south of Building 665) is at the southern boundary of 

Zone H in a wooded area approximately 300 feet from Shipyard Creek. Two Mark-17 depth 

bombs were reportedly jettisoned in this area from a Naval vessel in 1943. An EOD survey of 

the AOC 503 area has been completed by the environmental detachment. The findings of this 

survey will be presented in a report prepared by the environmental detachment. 

AOC 661 (Explosives Storage) is an area where explosives were stored during the 1950s in a 

now demolished building. Currently, the area of AOC 661 is a grassy area south of 

Building 601 and north of Building 675. The environmental detachment has completed 

additional research and concluded that AOC 661 was a small shed on a paved runway. Based 

on these findings, the proposed EOD survey for this site has been canceled. However, soil 

samples will be collected at the site. The final results and CMS recommendations for AOC 661 

will be submitted as an addendum to the final report. 
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9.24 Zone H RFI Summary of Recommendations 

The Naval Base Charleston Project Team has agreed upon three possible courses of action for 

sites determined to be adequately characterized for decision-making purposes. These alternatives 

are NFA, CMS, or transfer to the South Carolina UST program. 

The risk management decision making process of determining whether a site was recommended 

for NFA or CMS was based on risklhazard to human health or ecological receptors. The 

criteria for making this decision with respect to human health were the USEPA and SCDHEC 

standard limits (or points of departure) for carcinogens and noncarcinogens. For carcinogens, 

the point-of-departure range is 1E-6, with a generally accepted range of 1E-6 to 1E-4. For 

noncarcinogens, other toxic effects are generally considered possible if the HQ or sum of HQs 

is greater than 1. Risks for soil invertebrates and plants were evaluated based on qualitative 

comparisons to literature effects-levels for taxonomic groups similar to those potentially 

occurring at Zone H. Risks for aquatic organisms were evaluated by calculating HQs from 

benchmark values that are either promulgated or proposed by federal and state regulatory 

agencies. 

Sites investigated in the Zone H RFI that have already been transferred or are recommended for 

transfer to the UST program meet the following criteria. The data generated during the RFI 

supported the conclusion that releases at the site(s) consisted of virgin petroleum and 

groundwater beneath the site had not been impacted by other nearby sites with RCRA concerns. 

The purpose of the CMS is to identify, screen and evaluate potential remedial alternatives for 

releases that have been identified at a facility. A potential remedy can range from engineering 

and institutional controls to a full scale clean-up. Depending on final action levels, and CMS 

needs, additional sampling may be necessary at some sites to more accurately define the extent 

of contamination. These sites are identified in the comments column of Table 9.22. Additional 
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samples may also be collected at some sites to satisfy CMS data requirements with respect to 

ecological and human health risk assessment data gaps. 

During the corrective action process, the project team will be responsible and instrumental in 

determining unacceptable risks and the ensuing appropriate clean-up response, if warranted, at 

NAW3ASE. 

Table 9.22 lists the sites and their corresponding recommendations as determined by consensus 

agreement of the Project Team. 
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1 1  SIGNATORY REQUIREMENT 

Condition I.E. of the Hazardous and Solid Waste Amendments (HSWA) portion of RCRA 

Part B Permit (EPA SCO 170 022 560) states: All applications, reports, or infomtion 

submitted to the Regional Administrator shall be signed and certijied in accordance with 

40 CFR 5270.11. The certification reads as follows: 

I cert~B under penalty of law thQt this document and all attachments were prepared under my 

direction or supervision in accordance with a system designed to assure that qualijied personnel 

properly gather and evaluate the infonnation submitted. Based on my inquiry of the person or 

persons who manage the system, or those persons directly responsible for gathering the 

information, the infomtion is, to the best of my knowledge and belief, true, accurate, and 

complete. I am aware that there are significant penalties for submitting false information, 

including the possibility of fine and imprisonment for knowing violations. 
i 

Caretaker site-officer 
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